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FOREWORD 

This Tndian Standard was adopted by the Bureau of Indian Standards, after the draft finalized bv 
the Plastics Sectional Committee had been approved by the Petroleum. Coal and Related Products 
Division Council. 

Although phenolic and amino moulding powders remain by far the most commonly used 
thermosetting moulding composition, a number of new materials have been introduced based on 
polyesters, epoxides, and silicone resins. Five classes of polyester compound may be recognized: 

a) Dough Moulding Compound ( DMC ), also known as Bulk Moulding Compounds ( BMC ); 

b) Sheet Moulding Compound ( SMC ); 

c) Alkyd Moulding Compositions sometimes referred to as 'Polyester Alkyds': 

d) Diallyl Phthalate Compounds; and 

e) Diallyl Iso-Phthalate Compounds. 
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good electrical insulation and arc resistance. In view of this, these are suitable for many engineering 
applications. 

The Dough Moulding Compounds ( DMC ) were originally developed in an attempt to combine the 
mechanical properties of polyester glass laminates with the speed of cure of conventional moulding 
powders. In spite of their somewhat high cost, they have now established themselves in a number 
of applications where a mechanically strong electrical insulant is required. 

Dough moulding compositions are prepared by blending resin, powdered mineral filler, reinforcing 
fibre, pigments and lubricants, in a dough mixer usually of the Z-blade type. The resins are similar 
to conventional laminating resins, a fairly rigid type being preferred so that cured mouldings may 
be extracted from the mould at 160°C without undue distortion. Organic peroxide such as benzoyl 
peroxide and tertiary butyl perbenzoate are commonly used as catalysts. The choice of catalyst 
will influence cure conditions and also will be a factor in whether or not surface cracks appear on 
the mouldings. Mineral fillers such as calcium carbonate are employed not only to reduce costs 
but to red ice shrinkage and to aid the flow since an incorrect viscosity may lead to such faults as 
fiore bunching and resin-starved areas, Although glass fibre ( E-type ) is most commonly used as 
the reinforcing fibre, sisal is used in cheaper compositions. Stearic acid or metal stearates are the 
usual lubricants. 

In common with all polyester moulding compositions, the dough moulding compounds cure without 
evolution of volatiles and thus pressures as low as 1'4 MPa, but normally about 6'9 MPa, may be 
used. The material of putty like consistency is first preformed into a ball shape and loaded into 
the mould of a fast acting press in such a way that there should be a minimum of weld lines and 
undesireable fibre alignment. Temperature in the range of 1 10"C-17()°C may be employed and 
at the higher temperatures cure times of less than one minute per millimetre thickness aie possible. 

In this standard, three grades of Dough Moulding Compounds are covered and which are further 
distinguished according to their electrical and mechanical properties. 

Characteristics given in Table 3 are optional and are subject to agreement between the purchaser 
and the supplier. 

Indian Standard Specification for Sheet Moulding Compounds, IS 13410 : 1992 is also brought out. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated expressing the result of a test or analysis shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values ( revised )'. The number 
of significant places retained in the rounded olf value should be the same as that of the specified 
value in this standard. 
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Indian Standard 



GLASS REINFORCED POLYESTER DOUGH 
MOULDING COMPOUNDS - SPECIFICATION 



1 SCOPE 

1.1 This standard specifies requirements for 
thermosetting polyester dough moulding compounds 
which are classified according to their electrical and 
mechanical properties and which are used for 
processing by moulding- transfer, compression and 
injection. 

1.2 Compounds whose fibrous reinforcement include 
glass, other than E-glass, are excluded in this standard . 

2 REFERENCES 

The following Indian Standards are necessary 
adjuncts to this standard: 

IS No. Title 

2824:1975 Method for determining compara- 

tive tracking index of solid 
insulating materials under moist 
conditions (first revision ) 

2828 : 1964 Glossary of terms used in the plastic 

industry 

3396 : 1979 Methods of test for volume and 

surface resistivities of solid electrical 
insulating materials (first revision ) 

4486 : 1967 Recommended methods for the 

determination of the permittivity and 
dielectric dissipation factor of 
electrical insulating materials, at 
power, audio and radio frequencies 
including wavelengths 

4905 : 1968 Methods for random sampling 

6262 : 1971 Method of test for power factor and 

dielectric constant of electrical 
insulating liquids 

6746: 1972 Unsaturated polyester resin systems 

for low pressure fibre reinforced 
plastics 

8504 Guide for determination of thermal 

(Part 1) : 1977 endurance properties of electrical 
insulating materials: Part 1 Temp- 
erature indices and thermal 
endurance profiles 

8504 Guide for determination of thermal 

(Part 2): t983 endurance properties of electrical 
insulating materials: Part 2 List of 
materials and available tests 

8543 (Part 1/ Methods of testing plastics: Part 1 
Sec 2) : 1979 Characteristics of polymer structure 



8543 (Part 4/ 
Sec 1) : 1984 



11320 : 1985 



and size, Section2 Determination of 
density of solid plastics 

Methods of testing plastics: Part 4 
Short term mechanical properties, 
Section 1 Determination of tensile 
properties 

Glass fibre rovings for the 
reinforcement of polyester and of 
epoxide resin systems 

13360 Plastics — Methods of testing: 

(Part 1) : 1992 Part 1 Introduction 

13360 (Part 6/ Plastics — Methods of testing: 
Sec 6) : 1992 Part 6 Thermal properties, Section 6 
Determination of flammability by 
oxygen index 

3 TERMINOLOGY 

3.1 For the purpose of this standard, the definitions 
given in IS 2828 : 1964 and the following shall apply. 

3.1.1 Batch 

A quantity of material so designated by the supplier 
and substantially uniform in quality. 

3.1.2 E-Glass 

Low alkali glass containing not more than 1 percent 
alkali metal oxides expressed as Na 2 as prescribed in 
IS 11320: 1985. 

3.1.3 Dough Moulding Compound (DMCf 

Homogeneous mixture of resins and chopped rein- 
forced fibres with or without fillers, shapeless, capable 
of being moulded under heat and pressure. High 
cosity is achieved by increased filler content. 



vis- 



3.1.4 Type Tests 

Tests carried out to prove conformity with the 
specification. These are intended to prove the 
general qualities and raw materials of a given type of 
DMC. 

3.1.5 Acceptance Tests 

Tests carried out on samples taken from a lot tor tin 
purpose of acceptance of the test. 

3.1.6 Routine Tests 

Tests carried out at manufacturer's works on DMC to 
check the requirements which are likely to vary during 
production. 
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4 GRADES 

4.1 The thermosetting polyester dough moulding 
compounds shall be of the following grades: 

Dj — General Purpose Grade; 

D 2 — Mechanical Grade; and 



4.1.1 The above grades are suitable for moulding by 
compression/transfer processes. Each of the above 
grade if suitable for moulding by injection process 
shall be prefixed with the letter 'J' as given below; 

Example JD 1 — General purpose grade suitable 
for injection moulding. 

4. 1 .2 Spec ici I Grades for Specific Requirements 

With either improved chemical, thermal, electrical or 
mechanical properties, special grades maybe derived 
from the above. Such grades shall be as agreed to 
between the purchaser and the supplier but shall be 
designated with suffix 'S' as given below: 

Examp!eD2S — Modified mechanical grade with 
good electrical properties. 

5 COMPOSITION 

c 1 ti „_:„t „i.„n „„„„..#:„ti., .,.*„„:„*„ ~e 

»'.i i in, liMiiijtii .Minn tsatiiiiaii^ uni.ii.n.'i ui an un- 
saturated polyester resin system generally conforming 
to IS 6746 : 1974 combined with fillers and fibrous 
reinforcement to form a mix which is pliable at room 
temperature and is capable of beingcured by moulding 
under heat and pressure. The reinforcement shall be 
glass fibres made out of E-glass. 

6 REQUIREMENTS 

6.1 Colour 

The colour of the polyester moulding compound shall 
be as agreed by the purchaser and the supplier. 

6.2 Form 

The moulding compound shall be in the dough form. 

6.3 Processability 

The material shall be suitable lor processing by 

compression, transfer and/or injection moulding. In 
i iu„ r^ii,s,,,: i,„n Ut *u« nr ^„^r /-;.-./, 

glllL-Jfll, 11JV U'llUWIllg nunu irv. IllL plwt v.T.-iIll^ 

parameters: 

a) Temperature : 120° to 160°C 

b) Curing Time : 30 to 60 sec/mm thickness 

c) Pressure : 3 to 15 MPa 

6.4 The requirement for uniformity of a particular 
type of material presupposes that: 

a) the requirements according to Table 1, Table 
2 and those given in Table 3 (covered in 
agreement between the purchaser and the 
supplier) are all fulfilled; and 



b) the processing characteristics in the same 
mould in the same machine and under the 
same processing conditions are presumed 
identical. 

6.4.1 The material characteristics in the moulding, 
namely, the properties of the moulded material, depend 
on the type of moulding material, the production 
conditions during moulding, the flow of the moulding 
material and the connected internal structure in the 
moulding. 

NOTE — The requirements given under Tables 1, 2 and 3 are 
based on standard test specimen made from the moulding mate- 
rial. This information gives an indication of the properties of the 
moulding. 

6.5 When tested by the appropriate methods, the 
moulded and conditioned material shall comply with 
the requirements specified in Tables 1 and 2. 

NOTE — See Table 3 for optional requirements that are subject 
lo agreement and which a purchaser may wish to specify. 

6.6 Resistance to Chemicals 

The chemicals resistance to outdoor exposure arc not 
included as standard tests. These may be covered 
under optional requirements as agreed to between the 
purchaser and the supplier as given in Table 3. 

6.7 Thermal Endurance 

The endurance behaviour of plastic is susceptible to 
variations with temperature. Determination of thermal 
rating corresponding to extrapolated life of 20 (MX) 
hours as specified in IS 8504 (Part 1) : 1977 and IS 
8504 ^ Part 2^ : 1983 has to be carried out bv a series of 
tests and is intended to be a guideline for use as 
insulating material. 

Till the industry is able to give the values for thermal 
rating, as an alternative, the maximum continuous 
operating temperature is specified under optional 
properties in Table 3. 

6.8 Storage Life 

6.8.1 The supplier shall slate the storage life of the 
material in the original unopened container under the 
conditions recommended by the supplier. 
Immediately after the first opening of the containers, at 
any time within the stated expiry date [9.2.1 (v) J the 
material shall be mouldable and shall comply with the 
requirements stated in 6. 

7 PREPARATION OF 1 EST SPECIMENS 

7.1 Mould to size, the test pieces required lor I Ik 
determination ol electrical strength, water al>M.n'ption 
and cut the remaining test pieces from the moulded 
sheet. However, in the case of dispute mould the itn 
pact strength pieces to size. 

7.2 Condition moulded test pieces for at least 24 h al 
room temperature of 27 ± 2°C and ambient humidity 
before testing, unless otherwise specified in ihe test 
method. 
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8 TESTING 

8.1 The requirements have been classified as per 
Type Test, Acceptance Test and Routine Tests. 

8.2 The routine tests and acceptance tests shall be 
carried out for every batch by the supplier. 

9 PACKING AND MARKING 

9.1 Packing 

9.1.1 The polyester dough moulding compounds 
with a net mass of 25 or 50 kg shall be covered in a 
polyethylene bag and wrapped with cellophane lining. 
The material shall be packed in suitable containers. 

NOTE — Packing in metallic drums are prone to cause contami- 
nation. 

9.2 Marking 

9.2.1 Containers of the material shall be legibly 
marked with indelible ink with the following informa- 
tion. 

a) Indication of the source of manufacture and 
trade- mark, if any; 

b) Material classification, flow and colour; 

c) Batch number; 

d) Date of manufacture; 

e) Date of expiry under the conditions specified 
by the supplier (which shall not be less than 60 
days from the date of manufacture); and 

f) Net mass. 



9.2.2 The containers may also be marked with the 
Standard Mark. 

10 SAMPLING 

10.1 Lot 

All the containers of glass reinforced polyester dough 
moulding compounds (DMC) of the same grade, pro- 
duced under the same conditions of manufacture shall 
constitute a lot. 

10.1.1 Each lot shall be tested separately for the vari- 
ous requirements of the specification. The number of 
containers to be selected from each lot for this purpose 
shall be as given in Table 4. 

10.1.2 The containers shall be selected at random 
from each lot. For this purpose reference may be made 
to IS 4905 : 1968. 

10.2 Number of Teste 

From each containers selected in the sample, the 
number of test specimens shall be moulded from 
different portions in accordance with 7.1. The number 
of test specimens shall be sufficient to carry out all the 
acceptanceand routine tests as given in Tables l,2and 
3 respectively. The DMC shall also be tested for the 
thermal endurance as per 6.7. 

10.3 Criteria for Conformity 

Any sample failing in one or more requirements of the 
specification shall be termed as defective. 

No defective shall be found in the lot for the lot to be 
accepted as conforming to the specifications. 



Table 1 Material Requirements for Dough Moulding Compound 

( Clauses 6.4, 6.4.1 and 6.5 ) 



St 

No 


Characteristics 




Requirements 




Nature 

or 

Test 


Methods 
or Test, 
Reflo 




Grade D, 


Grade P z 


Grade D, 


(1) 


(2) 


(3) 


(4) 


(5) 


w 


(7) 


i) 


Glass content, percent 
by mass. Min 


15 


20 


20 


Type 


Annex A 


«) 


Mould shrinkage linear 
percent, Max 


0.2 


0.2 


0.2 


Acceptance 


Annex B 


iii) 


Flow, mm, Mm 


170 


170 


170 


Acceptance 


Annex C" 
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Table 2 Requirements for Moulded Dough Moulding Compounds 

( Clauses 6.4, 6.4.1 and 6.5 ) 



SI 

No. 


Characteristics 


(1) 


(2) 


i) 


Density of moulding, 
g/cm 3 


ii) 


Waler absorption, percent, 
Max 


iii) 


Izod impact 
strength (Notched), 
KJ/m J , Min 


iv) 


Flexural strength, MPa, M 


v) 


Modulus of elasticity, 
MPa 


vi) 


Surface resistivity 

(24 h in waler), ohm, Mm 


vii) 


Volume resistivity, 
ohm-cm, Min 



viii) Tracking resistance, CTI, 

Min 



ix) 


Power arc resistance, 




Sec, Min 


x) 


Dielectric strength at 90°C 




in oil kV/mm, Min 


xi) 


Dissipation factor 




(4-days at 80 percent 




RHat lKHz) 


Kii) 


Heat distortion 




temperature, °C, Min 



xiii) Oxygen index, percent, 

Min 



Requirements 



Grade D l Grade D 2 Grade D 3 
(3) (4) (5) 

< 1.6 to 2.0 > 



-> 



15 



20 



18 



60 80 70 

< — 12xl0 5 to 15 xlO' ^ 

1x10'° lxlO 11 lxlO 12 

1 x 10 12 1 x 10 13 1 x 10" 

600 600 1 000 



120 140 



23 25 



180 



10 



0.03 0.01 



125 135 135 



25 



Nature 

of 

Test 


Methods 
of Test, 
Refto 


(6) 


(7) 


Routine 


IS 8543 (Part 1/ 
Sec 2) : 1979 


Type 


Annex D 


Type 

Acceptance 
for D 2 


Annex E 


Routine 


Annex F 


Type 


IS 8543 (Part 4/ 
Sec 1) : 1984 


Routine 


IS 3396 : 1979 


Routine 


IS 3396 : 1979 


Type 


IS 2824 : 1975 


Type acceptance 
forD, 


Annex G 


Type 


IS 6262 : 1971 


Type 


IS 4486 : 1967 



Type 
Type 



Annex 1 1 



IS 13360 (Part 6/ 
Sec A): 1992 
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Table 3 Optional Requirements for Moulded Dough Moulding Compounds 

[ Clauses 6.4.(a), 6.4.1, 6.5, 6.6 and 6.7 ] 



si 
No. 



(1) 
i) 

») 

iii) 
iv) 



Characteristic 



(2) 



Continuous use temperature 
(long-term), °C, Max 

Resistance to chemicals 



Post shrinkage, percent, Max 

Coefficient of linear thermal 
expansion, cm/cm/°C 





Requirements 




Methods 
of Test, 
Rerto 


Grade Dj 


Grade D 2 


Grade D 3 


(3) 


(4) 


(5) 


(6) 


120 


130 


130 


_ 



values to be agreed between the 
purchaser and the supplier 

< 0.01 > 



20x10* 



Annex J 

Annex B 
Annex K 



Table 4 Scale of Sampling 

(Clause 10.1.1) 



1 


Lot Size 


(Number of Containers) 




(1) 


Up to 


100 


101 


to 150 


151 


to 300 


301 


to 500 


501 


to 1 000 



1 001 and above 



Number of Containers to be 
Selected in a Sample 

(2) 

5 

8 
13 
20 
32 
50 
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A M»TI?V A 

[Table 1, SI No. (i) ] 

DETERMINATION OF GLASS CONTENT 
( Adapted from BS 5734 : Part 1 : 1979 ) 



A-0 GENERAL 



This is a simple method of test that has been shown to 
be appropriate for glass-reinforced plastics. If inor- 
ganic fibres other than glass are also present, the 
method determines the total reinforcement content. 

This method is not suitable when the particle size of 
any acid-insoluble filler is larger than 75 u.m. 

A-l APPARATUS 

The following apparatus is required. 

A-l.l Spatula 

A-l. 2 Oven, capable of being thermostatically 
controlled at 105 ± 5°C. 

A-1.3 Balance, capable of weighing to an accuracy 
of ± 0.001 g. 

A-1.4 Fused Silica Crucibles, 70 mm diameter. 

A-1.5 Muffle Furnace 

A-1.6 Bunsen Burner 

A- 1.7 Desiccator 

A-l. 8 Pipeclay Triangle 

A- 1.9 Beakers 

A-l. 10 Acid-Resistant Sieve, of 75 u.m nominal 
aperture. 

A-l.l 1 Glass Rod, fitted with rubber 'policemen'. 

A-l. 12 Tweezers 

A-2 REAGENTS 

Distilled water conforming to IS 1060 and 5 M hydro- 
chloric acid (HC1) are required. 

A-3 TEST PIECES 

Take a representative sample from the material under 
test. Use a minimum of three test pieces each of 
approximately 10 g, takingcare to ensure the edges are 
not frayed. 

A-4 PROCEDURE 

A-4.1 Clean and dry the silica crucible and ignite for 
half an hour in a muffle-furnace at 575 ± 25 n C. Allow 
to cool to between KX)°C and 200°C on a clean 
pipeclay triangle, and then transfer to the desiccator. 
When cool weigh to 0.001 g (A^). Place a lest piece in 
crucible and rewcigh (A/ 2 ). 



A-4.2 Place the crucible plus test piece on a pipeclay 
triangle and ignite over a Bunsen burner until most of 
the volatile material has been removed. Transfer the 
crucible and contents to the muffle furnace at a tem- 
perature of 575 ± 25°C and maintain at this tempera- 
ture until all carbonaceous matter has disappeared. 
Cool as previously and weigh. Reheat in the muffle 
furnace for half an hour, cool and reweigh. Repeat 
until the mass is constant to within 0.01 g. 

A-4.3 Transfer the residue into a 500 ml beaker con- 
taining approximately 25 ml of distilled water. Add an 
excess of 5 M HO up to a maximum of 25 ml. Agitate 
the contents gently with a glass rod. 

Where separation of discrete layers of reinforcement 
occurs add 200 ml of distilled water and transfer the 
layers to the sieve. 

Where separation into layers does not occur, mix 
gently to a smooth paste and then add 200 ml of 
distilled water. Transfer the contents of the beaker to 
the sieve. 

A-4.4 In both cases after transfer to the sieve, wash 
with distilled water to remove the filler from the 
reinforcement, this may be conveniently carried out by 
putting the sieve into a large evaporating basin con- 
taining enough distilled water to partly fill the sieve. 
Raising or lowering of the sieve in the water assists the 
separation. Dry the sieve and contents at 105 ± 5°C and 
transfer the glass to a suitable preweighed container 
(A/ 3 ) and reweigh (A/ 4 ). 

A-4.5 Repeat the procedure with the remaining lest 



A-5 CALCULATION AND EXPRESSION OF 
RESULTS 

A-5.1 Calculate the percentage glass content using 
the following formula: 



M-M, 

4 — x 100 



Percent class content = 

M, - M l 

where 

M x is the mass of the dry crucible, 

M 2 is the mass of the crucible plus specimen, 

Mj is the mass of the container, and 

A/, is the mass of the container plus the dry 
glass. 

A-5.1. 1 Calculate the arithmetic mean of the three 
results. 
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ANNEX B 
[ Table 1, SI No. (ii) ] 

DETERMINATION OF MOULD SHRINKAGE 

[ Adpated from ISO 2577 : 1984 ] 



B-0 GENERAL 



The characteristics moulding shrinkage and the 
shrinkage after heat treatment of thermosetting 
moulding materials are useful for the production 
control and for checking uniformity of manufacture 
of thermosetting materials. Furthermore, knowledge 
of the initial shrinkage of thermosetting materials is 
important for the construction of the moulds, and 
knowledge of post shrinkage for establishing the 
suitability of the moulding material for the 
manufacture of moulded pieces with accurate 
dimensions. 

B-l DEFINITIONS 

B-l.l Moulding Shrinkage 

The difference in dimensions between a moulding and 
the mould cavity in which it was moulded, both the 
mould and the moulding being at normal temperature 
when measured, 

B-l. 2 Post Shrinkage 

Shrinkage of a plastic product after moulding, during 
post-treatment, storage or use. 

B-2 APPARATUS 

B-2.1 Mould, press, etc, suitable for moulding the test 
specimens specified in B-4. For compression mould- 
ing, a positive or a semi-positive mould with single or 
multiple cavities shall be used. 

If required, marks may be engraved in the mould 
near opposite ends of the specimen to facilitate the 
accurate measurement of the length of the cavity and 



luC specimens. 



If multiple cavities are used with a positive mould, 

'ariatinnc in fpcl cn/>Hmi»n ri**ncitv may h*» enffiripni U> 



NOTE 

produce inconsistent shrinkage. 



11-2.2 Equipment, suitable for measuring tne lengtns 
of the test specimen and the corresponding cavity of 

tlir* rvirtnlrl tr* lyjtjiin Q f Q2 Slim. 

B-2.3 Oven (for Post Shrinkage Only) 

B-3 SAMPLING 

A representative sample shall be taken from the 
moulding material and be keot at room lemnerature in 

u x i 

air-tight containers, without any conditioning, until 
moulded into test specimens. 

B-4 TEST SPECIMENS 

B-4.1 The test specimen shall be: 



a) for compression moulding — bars of length 
120 mm, width 15 mm and thickness 10 mm; 
and 

b) for injection moulding — flat square plaques 
approximately 120 nun x 120 mm x 4 mm. 

B-4.2 The specimen shall be moulded to sample by 
compression or injection moulding using a mould with 
single or multiple cavities. 

B-5 PROCEDURE 

B-5.1 If not already known, measure the lengths of 
the cavities (or the distances between the engraved 
marks in the mould) to the nearest 0.02 mm at a 
temperature of 27 ± 2°C. Record these measurements 
for use in the calculation of shrinkage. 

NOTE— From lime to time, moulds should be checked for wear, 
etc. As an alternate to measuring directly the lengths of the cold 
moulds, the gauge for the moulds may be obtained very precisely 
by cold-moulding specimens from lead and measuring their 
lengths. 

B-5.2 Mould at least two specimens from the sample 
to be tested, under the conditions given below: 

a) For compression moulding: 

Mould the specimens under the conditions of 
pressure, temperature, time, etc, specified in 
the relevant specification for the material. 

b) In case of those fibrous materials that are to be 
injection-moulded as a plaque, at least four 
specimens should be tested. 



specimen to cool to room temperature by placing 
them on a material with low thermal conductivity and 
under an appropriate load to avoid warping. Store them 
at a temperature of 27 ± 2°C and a relative humidity of 
65 ± 2 percent for a period of minimum 88 h, or for 
such shorter time as can be shown to give the same test 



B-5.4 Before measuring the lengths of the test 
specimens, place them on a Hat surface or against a 
straight edge in order to determine any warp or 
distortion. Any test specimen that has a warp exceeding 
1 percent of its length shall be discarded. 

B-5.5 For the determination of moulding shrinkage, 
measure, to the nearest 0,02 mm, the lengths of (lu- 
nar specimens parallel to their major axis between 
opposite end faces or the distances between the 
gauge marKS, at a tcmpciature oi 27 ± 2 C. MenM.nr- 
iiients of plaque specimens shall be made a t disla nee of 
20 mm from the corners, two measurements in the 
same direction. 
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NOTE — In order to measure the effect of orientation on the 
shrinkage of an injection-moulded specimen, shrinkages in two 
directions at right-angles (each of which is calculated from an 
average of two measurements in the same direction) are 
measured and calculated independently. 

B-5.6 For the determination of post-shrinkage, place 
the test specimens, measured as described in B-5.5, 
in an oven maintained at the temperature given below. 
Support the specimens to avoid deformation and in 
such a way that they are separated from each other. 

The following temperatures shall be: 

110° ± 3°C for urea-formaldehyde moulding 
materials; and 

80° ± 2°C for all other thermosetting mould- 
ing materials. 

The times of exposure shall be: 

48 ± 1 h for rapid determination; and 
168 ± 2 h for normal determination. 

NOTE — Post-shrinkage depends strongly on the time of expo- 
sure. Therefore, the exposure time should be noted (see B-6.2 
and B-7,5) and should be specified in the specification f or the 
material. 

At the end of the heating period, remove the test specimen from 
the oven and allow them to cool in a standard atmosphere of 27 
± 2°C and a relative humidity of 65 + 5 percent for at least 4 h. 

After the cooling period, measure the test specimens again, at a 
temperature of 27 ± 2°C lo the nearest 0.02 mm. as specified in 
B-5.5 



B-6 EXPRESSION OF RESULTS 

B-6.1 The moulding shrinkage (MS) is given, as a 
percentage, by the formula: 



MS = 



h- L i 



x 100 



where 



L Q is the length, in millimeters, of the dimensions 
of the mould, determined as in B-5.1; and 

L. is the length, in millimeters, of the correspond- 
ing dimensions measured on the test specimen 
according to B-5.5. 

NOTE — When shrinkage is determined using injection- 
moulded plaques, L. and i, are each the averages of two read- 
ings, measured in the same direction, taken 20 mm from the 
corners of the mould and the test specimen respectively. 

B-6.2 Post-shrinkage (PS) is given as a percentage, by 
the formula: 



PS A**° lPS l6to 



L x -L 2 



xlOO 



where 

L i is as defined in B-6.1; and 

L 2 is the length, in millimeters, of the same dimen- 
sion of the test specimen, measured after heat 
treatment for 48 or 168 h according to B-5.6. 

NO IT — When post-shrinkage is being determined using 
injection-moulded plaques, L 2 is the average of two readings, 
measured in the same direction, taken 20 mm from the corners 
of the mould and the test specimen. 



ANNEX C 
[ Table 1, St No. (in)] 

METHOD OF TEST FOR DETERMINATION OF FLOW FOR GLASS REINFORCED 
POLYESTER MOULDING COMPOUNDS 



CO GENERAL 

Polyester moulding compounds have a limited shelf- 
life. Hence, in order to have a consistent quality of 
moulded compounds throughout its shelf-life, 
determination of How characteristics in a mould is 
essential. The Cup flow rate measurement for 
phenolic and alkyds moulding materials arc not 
adopted as these materials have different flow 
properlies. As the material has by nature an easy How 
characteristics, a test similar to thermoplastic has 
been developed, which is in practice with 
manufacturers of materials and moulders. 



C-l DEFINITION 

Flow 

The flow measured on a disc moulded in a flow 
mould of a materia! of prescribed weight under 
specified moulding conditions is called 'How'. The 
unit of measurement is mm. 

(%2 APPARATUS 

Mould shall he according to Fig. 1. 
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C-3 PREPARATION OF TEST SPECIMEN 

C-3.1 Draw equal samples from at least 3-bags of not 
less than 1.5 kg. 

C-3.2 Draw 3-samples of 185 ± 2 g each as charge 
weight for determination of flow property from the 
1.5 kg sample. 

C-3.3 The 'test specimen' shall be in the form of a 
moulded disc (see Fig. 1) as per the following mould- 
ing conditions: 

Pressure, MPa = 5 — 30 
Temperature, °C = 130 — 160 
Curing time, S/mni = 60 
NOTE — Use 30 tonnes capacity hydraulic press. 

C-3.4 Place the charge centrally and mould the speci- 
men in the compression mould. 



C-3.5 Ensure that maximum closing time of the mould 
does not exceed 10 seconds. 

C-4 PROCEDURE 

C-4.1 Mould the discs as per conditions specified 
above. 

C-4.2 Eject the moulding while hot and allow it to 
cool to room temperature. 

C-4,3 Measure the flow length on either side to the 
nearest 5 mm on 3-samples. 

C-4.4 The flow in mm is determined by the average of 
the 3-samples tested. 

C-4.5 The report shall include: 

a) Average flow length in mm; and 

b) Minimum flow length in mm. 



ANNEX D 
[ Table 2, SI No. (\\)] 

DETERMINATION OF WATER ABSORPTION 



D-0 PRINCIPLE 

Complete immersion of test specimen of the plastic 
material in water for a specified period of time and 
at a specified temperature. Determination of changes 
in the mass of the test specimens after immersion in 
water and if requried after elimination of water by 
drying. 

The water absorption may be expressed in the follow- 
ing ways: 

a) As the mass of water absorbed, 

b) As the mass of water absorbed per unit of 
surface area, and 

c) As a percentage by mass of water absorbed 
with respect to the mass of the test specimen. 

D-l APPARATUS 

I)- 1.1 Balance, with an accuracy of 1 mg. 

D-1.2 Oven, capable of being controlled at 50 ± 2°C 
or at any other agreed temperature. 

D-1.3 Containers, containing distilled water, or 
water of equivalent purity equipped with a means of 
lieattng and capable o[ being controlled at the 
tern pe ra t u re s pe c i 1 i e d . 



D-1.4 Desiccator 

D-1.5 Means, of mcasuringdimensions of specimens, 
if required. 

D-2 TEST SPECIMEN 

D-2.1 Three specimens shall be tested. They may be 
obtained directly by moulding or by machining. In the 
latter case, the cut surface shall be smooth and shall not 
show any trace of charring that may be due to the 
method of preparation. 

D-2.2 The test specimen shall be 50 ± 1 mm square 
and a thickness of 3 ± 0.2 mm. It shall be moulded 
under the conditions given in 7.1 (or under the condi- 
tions prescribed by the suppliers of the material). 

D-3 PROCEDURE 

D-3.I General Conditions 

D-3. 1.1 The volume of water used shall be at least 
8 ml per square centimetre of the total surface of the 
test specimen, so as to avoid any extraction product 
becoming excessively concentrated in the water 

during the test. 

D-3. 1.2 In general, place each set of three test speci 
mens in a separate container (D-1.3) with the speci- 
mens immersed completely in the water. 
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However, when several samples of the same composi- 
tion have to be tested, it is permissible to place several 
sets of test specimens in the same container. 

In no case shall any significant area of the surface of a 
test specimen come into contact with the surface of 
other test specimens, or with the walls of the container. 



temperature. Take the specimens from the water and 
remove all surface water with a clean, dry cloth, or 
with filter paper. Re-weigh the specimens to the near- 

(mass m 2 ). 

D-3.5 Method 4 



D-3.1.3 The times ior immersion in ine water are 
stated in D-3.2 and D-3.4. However, larger times 
may be used by agreement between the interested 
parties. In such cases the following precautions shall 
be taken: 

— if testing in water at 27°C agitate the water at 
least once daily, for example, by rotating the 
containers. 

— if testing in boiling water, add boiling water 
from time to time, as required to maintain the 
volume. 



uo.3.i n it is aesirea to auow ior tne presence oi 
water-soluble matter dry the test specimens again for 
24 ± 1 h in water oven, controlled at 50 ± 2°C, after 
completion of Method 3 (D-3.4). Allow the specimens 
to cool to ambient temperature in the desiccator and 
re-weigh to the nearest 1 mg (mass m 3 ). 

D-4 EXPRESSION OF RESULTS 

D-4.1 For Methods 1 and 3, calculate for each test 
specimen the mass in milligrams, of water absorbed, 
according to the formula, 



D-3.2 Method 1 

D-3.2.1 Dry three specimens for 24 ± 1 h in the oven 
controlled at 50 ± 2°C, allow to cool to ambient 
temperature in the desiccator and weigh each speci- 
men to the nearest 1 mg (mass w t ). Then place the 
specimens in a container containing distilled water, 
controlled at 27 ± 2°C. 

D-3.2.2 After immersion for 24 ± 1 h, take the speci- 
mens from the waterand remove all surface waterwith 
a clean, dry cloth or with filter paper. Rc-weigh the 
specimens to the nearest 1 mg within 1 minute of 
taking them from the water (mass nt 2 ), 

D-3.3 Method 2 

D-3.3.1 If it is desired to allow for the presence of 
water-soluble matter, dry the test specimens again for 
24 ± 1 h in the oven, controlled at 50 ± 2°C, after 
completion of Method 1 (D-3.2). 

D-3,3,2 Allow the specimens to cool to ambient tem- 
perature in the desiccator and rewcigh to the nearest 1 
mg (mass m 3 ). 

D-3.4 Method 3 

D-3.4.1 Dry Ihree test specimens for 24 ± 1 h in the 
oven, controlled at 50 ± 2°C, allow to cool to ambient 
temperature in the desiccator and weigh each speci- 
men to the nearest 1 mg (mass m t ). Place the specimens 
in a container containing boiling distilled water. 

D-3.4.2 After immersion for 30+1 min, take the 
specimens from the boiling water and allow them to 
cool for 15 ± 1 min in distilled water at ambient 



where 



m 



m 



x is the mass, in milligrams, of the test specimen 

before immersion; and 
2 is the mass, in milligrams, of the test specimen 

after immersion. 



specimen the mass, in milligrams, of water absorbed, 
according to the formula, 



/n. 



m. 



where 

m 2 is as defined in D-4.1; and 
m i is the mass, in milligrams, of the test specimen 
after immersion and drying. 

D-4.3 For all four methods, express the results as the 
arithmetic mean of the three values obtained. 

D-4.4 Calculate for each test specimen the water ab- 
sorption as a percentage by mass of the initial mass, by 
the following formula, as appropriate: 



xlOO or 



x 100 



m. 



NOTE — If it is required lo express the water absorption as a 
percentage of the mass of the test specimen after drying, use the 
formula: 



x 100 



where m,, m, and m, are as defined in D-4.1 and D-4.2. 



10 



IS 13411 : 1992 



ANNEX E 
[Table 2, SI No. (in)] 

DETERMINATION OF IZOD IMPACT STRENGTH 
[ Adapted from ISO ISO : 1982 ] 



E-0 PRINCIPLE 



The test specimen, supported as a vertical cantilever 
beam, is broken by a single swing of a pendulum, 
with the line of impact at a fixed distance from the 
specimen clamp and from the centre line of the 
notch. 

For determination of the Izod impact strength of 
notched specimens, the pendulum strikes the face 
containing the notch. For determination of the Izod 
impact strength of reversed notch specimen, the pen- 
dulum strikes the face opposite to that containing the 
notch. 

El DEFINITIONS 

E-l.l Izod Impact Strength of Notched Specimens 

The impact energy absorbed is breaking a notched 
specimen, referred to the original cross-sectional area 
of the specimen at the notch. 

It is expressed in kilojoules per square meter (KJ/m 2 ). 

Ft. 2 Izod Impact Strength of Reversed Notch 
Specimens 

The impact energy absorbed in breaking a reversed 
notch specimen, referred to the original cross-sec- 
tional area of the specimen at the notch. 

It is expressed in kilojoules per square meter (KJ/in 2 ). 

NOTE — The reversed notch lest gives an indication of the izod 
impact strength of unnotched specimens. 

E-1,3 Relative Impact Strength 

The ratio of the impact strengths of notched to reversed 
notch specimens with the same notch base radius, or of 
notched specimens with different notch radii, for test 
specimens of the same type. 

E-2 APPARATUS 

E-2.1 Testing Machine 

E-2. 1.1 It shall be of the pendulum type and shall be 
of rigid construction. It shall be capable of measuring 
the impact energy expressed in breaking a test speci- 
men, the value of which shall be taken as equal to the 
difference between the initial potential energy in the 
pendulum and the energy remaining in the pendulum 
after breaking the test specimen. The energy scale 
shall be accordingly corrected for friction and air 
resistance losses and scale errors. 

NOTE — Falling weight typo machines may be used if they can 
be shown to give the same results as pendulum type machines. 



E-2.1.2 The machine shall have the characteristics 
shown in Table 5. These characteristics shall be 
periodically checked. 

Table 5 Characteristics of Pendulum Impact 
Testing Machines 



Impact Energy Velocity at 
Impact 


Maximum 

Permissible 

Friction al Loss 


Permissible 
Error After 
Correction 


J 


m/s 


% 


J 


1.0 


3.5 (± 10 percent) 


2 


0.01 


2.75 


3.5 (± 10 percent) 


1 


0.01 


5.5 


3.5 (± 10 percent) 


0.5 


0.02 


11.0 


3.5 (i 10 percent) 


0.5 


0.05 


22.0 


3.5 (± 10 percent) 


0.5 


0.10 



E-2.1. 3 The machine shall be securely fixed to a 
foundation having a mass ofal least 40 times that of the 
heaviest pendulum in use. It shall be adjusted so that 
the orientation of the striker and vice arc as specified 
inE-2.1.4andE-2.1.6. 

E-2. 1.4 The striking edge of the pendulum shall be 
of hardened steel and shall have a cylindrical surface 
having a radius of curvature of 0.8 ± 0.2 mm, with its 
axis horizontal and perpendicular to the plane of 
motion of the pendulum. It shall be aligned so that it 
makes contact across the full width of rectangular 
test specimens. The line of contact shall be within ± 2° 
of perpendicular to the longitudinal axis of the test 
specimen. 

E-2. 1.5 The distance between the axis of rotation and 
the centre of percussion of the pendulum shall be 
within ± 1 percent of the distance from the axis of 
rotation to the point of contact of the strikingedge with 
the test specimen. 

E-2. 1.6 The lest specimen support shall comprise a 
vice consisting of a fixed and movable jaw. The 
clamping surfaces of the jaws shall be parallel to 
within 0.025 mm. The vice shall be so arranged that il 
holds (he test specimen vertically in respect to its 
long axis and al right angles to the top plane of the 
vice (see Fig. 2). The top edges of the vice jaws shall 
have radii of 0.2 ± 0.1 mm. Means shall be provided 
to ensure that when the test specimen is clamped in 
the vice, (he top plane of the vice is within 0.2 mm of 
the plane bisecting the angle of the notch. 

The vice shall be positioned so that the test specimen 
is central, to within + 0.5 mm, to the strikingedge and 
so lhat (he centre of the strikingedge is 22.0 ± 0.2 mm 
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above the top plane of the vice (see Fig. 2). The 
vice shall be designed to prevent the clamped portion 
of the test specimen from moving during the clamping 
of testing operations. 

E-2.2 Micrometers and Gauges 

Micrometers and gauges suitable for measuring the 
essential dimensions of test specimens to an accuracy 
of 0.02 mm are required. 

E-3 TEST SPECIMENS 

E-3.1 Dimensions and Notches 

E-3.1.1 Four types of test specimens with two differ- 
ent types of notch may be used as specified in Tables 
6 and 7, and shown in Fig. 3 and 4. 

The preferred type of test specimen is type 1, and 
the preferred, type of notch is type A. However, the 
type or specimen and the type of notch will be indi- 
cated in the specification, if any, for the material 
being tested. Test specimen types 2, 3 and 4 differ 
only in width (dimension*). The type of notch will also 
depend on the information required from the test. 

NOTE — Notch type A has been adopted as the preferred type for 
the determination of Izod impact strength. Carrying out tests 
with both notch types A and B (that is, at two well-defined notch 
base radii) over a range of temperatures may provide valuable in- 
formation on the variation of notch sensitivity of the material 
with temperature (ductile/brittle transitions). 

Table 6 Specimen Types and Dimensions 



Specimen 
Type 


Length, / 


Dimension, y 


Preferred Value 
of Dimension x 


(1) 


(2) 


(3) 


(4) 


1 


80.0 ± 2 


10.0 ± 0.2 


4.0 ± 0.2 


2 


63.5 i 2 


12.7 + 0.2 


12.7 + 0.5 


3 


63.5 i 2 


12.7 f. 0.2 


6.4 ±0.3 


4 


63.5 t 2 


12.7 + 0.2 


3.2 ± 0.2 



Table 7 Specimen Types, Notch Types and 
Notch Dimensions 



Specimen Type 


Notch Type 


Notch Dimensions, mm 


(1) 


(2) 




(3) 






1 


A 


>i 


= 8.0 


+ 


0.1 


1 


B 


r k 


= 8.0 


± 


0.1 


1 


Reversed 


y* 


= 8.0 


± 


0.1 


2 


A 


y„ 


= 10.2 


± 


0.1 


2 


B 


>\ 


= 10.2 


+ 


0.1 


2 


Reversed 


>\ 


= 10.2 


+ 


0.1 


3 


A 


>\ 


^10.2 


+ 


0.1 


3 


B 


y k 


= 10.2 


+ 


0.1 


3 


Reversed 


y* 


= 10.2 


+ 


0.1 


4 


A 


.\ 


-10.2 


+ 


0.1 


4 


B 


y t 


= 10.2 


■*■ 


0.1 


4 


Reversed 


y* 


= 10.2 


+ 


0.1 



E-3.1. 2 Specimens taken from sheet thicker than 
12.7 mm shall be milled uniformly on both surfaces to 
achieve a thickness 12.7 ± 0.2 mm. 

When testing sheet materials in the edgewise direc- 
tion, test specimens shall be cut so that the thickness of 
the sheet is dimension x (see Fig. 3). When testing 
sheet materials in the flatwise direction, the test speci- 
mens shall be cut so that the thickness of the sheet is 
dimension y (see Fig. 3 to 6). 

E-3.1.3 Notches shall always be cut so that the di- 
mension x is the length of the notch (see Fig. 3 and 4). 

E-3.2 Procedure 

E-3.2.1 A panel shall be prepared from the 
compound in accordance with 7.1 and specimen shall 
be machined therefrom. 

E-3.3 Notched Specimens 

E-3.3.1 Notches shall be machined on unnotched 
specimens prepared in accordance with E-3.2. 
Notching shall be carried out on a milling machine or 
lathe, with a cutter which may be of the single-tooth 
or multi-tooth variety. The single tooth cutter is pre- 
ferred because it is more readily ground to the desired 
contour. The cutiin" ed CT e shall be carefu!l v °round 
and honed to ensure sharpness and freedom from 
nicks and burrs. Tools with no rake and a work relief 
angle of 15 to 20° have been found to be satisfactory. 

ti.„ „_„f:i„ „*"#u„ ,...4*:„~ «„„i /"t„„.i,\ - i.„ii l,,, , i, „,. 

lilt i-MVMiiv. \ji iiiv tuning, iuvi ^i\.A.tii; auan uv ou^u ao 

lo produce in the specimen, at right angles to its prin- 
cipal axis, a notch of the contour and depth shown in 
Fig. 3 and 4. 

E-3.3.2 In the case of single-tooth cutters, the con- 
tour of the tip of the cutting tool may be checked 
instead of the contour of the notch in the specimen, if 
it can be shown that the two correspond or thai a 
definitive relationship exists between them for the 
specific type of material being notched. There is some 
evidence that notches cut by the same cutter in mate- 
rials of widely differing physical properties may 
differ in contour. 

The radius of the notch base shall be 0.25 ± 0.05 mm 
for type A notches (see Fig. 3) a nd 1 .00 ± 0.05 mm for 
'type B notches (see Fig. 4). 

E-3,3.3 A linear speed of the tip of the cutting tool of 
about 90 to 185m/min, and feed rates in the range from 
10 to 130 mm/min, have been found to be satisfactory 
for some materials. When unfamiliar materials arc to 
be notched, it may be necessary to determine the effect 
of variation of the cutting speed. 

E-3.3.4 After each 500 notches, or more often if hard 
abrasive materials are notched, the cutter shall be 
inspected for sharpness, freedom from nicks, lip 
radius and contour. If the radius and contour do not 
fall within their specified limits, the cutter shall be 
replaced by a newly sharpened and honed one. 
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A microscope with a camera lucida attachment (X 60 
magnification) is suitable for checking the notch base. 
Relatively close tolerances have to be imposed on 
the contour and the radius of the notch for most 
materials, because these factors largely determine the 
degree of stress concentration at the base of the notch 
during the test. The maintenance of a sharp, 
clean-edged cutting tool is particularly important since 
minor defects at the base of the notch can cause 
large deviations in the test results. Particular attention 
shall be given to the accuracy of the dimension y k 
(see Table 7). 

E-3.3.5 Abradants shall not be used in preparing the 
notch. 

E-3.3.6 Specimens with moulded -in notches may be 
used if specified in the specification for the material 
being tested. 

NOTE — Specimens with moulded-in notches do not give the 
same results as specimens with machined notches and allowance 
should be made for this difference in interpreting the results. 
Specimens with machined notches are generally preferred 
because skin effects and/or localized anisotropy are minimized. 

E-3.4 Number 

E-3.4.1 Unless otherwise, specified in the specifica- 
tion for the material being tested, a minimum of ten 
specimens shall be tested. 

E-3.4.2 Certain types of sheet materials may show 
different impact properties according to direction in 
the plane of the sheet. In such cases, it is customary 
to cut two groups of test specimens with their major 
axes respectively parallel and perpendicular to the 
direction of some feature of the sheet which is either 
visible or inferred from a knowledge of the method of 
its manufacture. 



E-4.2 Adjust the pointer on the energy scale so that 
it touches the driving pin when the pendulum is in 
-the starting position. Carry out a blank test (that is, 
without a specimen in place) and ensure that the total 
frictional losses do not exceed the values given in 
Table 5. 

E-4.3 Measure the dimension x of the test specimen, 
to the nearest 0.02 mm. Carefully measure the 
dimension y using, for example, a micrometer fitted 
with an anvif of width 2 to 3 mm and of suitable profile 
to fit the shape of the notch. Carry out two measure- 
ments, one at each end of the notch, and calculate the 
mean value. 

E-4,4 Lift and arrest the pendulum, and adjust the 
pointer in accordance with E-4.2. Place the specimen 
in the vice and clamp it in accordance with E-2.1.6 
as shown in Fig. 2. For the determination of notched 
Izod impact strength, notch shall be positioned on 
the side that is to be struck by the striking edge of the 
pendulum (see Fig. 2). For the determination of 
reversed notch Izod impact strength, specimens shall 
be positioned so that the notch is on the opposite 
side to that to be struck by the striking edge of the 
pendulum. 

E-4.5 Carefully release the pendulum. Read from the 
scale the impact energy absorbed by the specimen, 
and apply such corrections for frictional losses, etc, as 
may be necessary. 

E-4.6 For calculation of test results, only completely 
broken specimens shall be taken into consideration. 
Certain materials may, however, exhibit hinged 
breaks where the specimen remains joined by a very 
thin moulding skin; such breaks are acceptable. 

E-5 CALCULATION AND EXPRESSION OF 
RESULTS 



E-3.4.3 Laminated sheet materials are normally tested 
in the edgewise direction. However, sheets of nomi- 
nal thickness 12.7 mm or greater may, if specified, be 
tested in both the edgewise and flatwise directions 
(see E-3.4.2 and Fig. 5 and 6). 

E-3.5 Conditioning 

E-3.5.1 Unless otherwise, specified in the specifica- 
tion for the material being tested, the specimens 
shall be preconditioned and tested in accordance with 
IS 196 : 1966. 

E-4 PROCEDURE 

E-4.1 Check that the pendulum machine is of the 
correct energy range and that it has the specified 
striking velocity (see Tabic 5). 

The selected pendulum shall consume at least 10 
percent, but not more than 80 percent, of its stored 
energy in breaking the. test, specimen. If more, than 
one of the pendulums described in Table 5 meet these 
requirements, the pendulum having the highest energy 
shall be used. 



E-5.1 The Izod impact strength of notched specimens 
a^ in kilojoules per square metre, is given by the 
formula: 

a. = — L_ x 10 3 



x.y k 



where 

A k is the impact energy, in joules, absorbed by the 

test specimen; 
x is the dimension x, in millimetres, of the test 

specimen; and 
v k is the dimension y k , in millimetres, of the test 

specimen. 

E-5.2 The Izod impact strength of reversed notch 
specimens, u, in kilojoules per square metre, is given 
by the formula: 



a, - 



x-y. 



x 10* 



where 



A is the impact energy, in joules, absorbed by the 
test specimen; 
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x is the dimension x in millimetres, of the test 
specimen; and 

y k is the dimension y e in millimetres, of the test 
specimen. 

E-5J Calculate the arithmatic mean, the standard 



deviation and the coefficient of variation of the ten 
results. 

E-5.4 If required, calculate the relative impact strength 
for any two notch types as defined in E-1.3, and 
express the result as a percent. 

E-5.5 Report all calculated values to two significant 
figures. 



ANNEX F 
[Table 1, SI No. (iv) ] 

DETERMINATION OF FLEXURAL STRENGTH 
[ Adapted from ISO 178 : 1975 ] 



F-0 GENERAL 

This method applies only to a simple, freely sup- 
ported beam, loaded at mid-span (three-point loading 
test). 

NOTE — Four-point loading (est, a method in which the load is 
applied by two loading noses, allows measurement of a pure 
flexural stress in the middle part of he lest piece. The compres- 
sive stresses due to the two central noses are much lower in 
comparison with the stresses induced under the one central 
loading nose of the three-point test. 

F-l DEFINITION 

F-i.l Deflection 

The distance over which the top or bottom surface of 
the test piece at mid-span has deviated during flexural 
from its original position. 

F-1,2 Flexural Stress at a Given Time of the Test 

The maximum outer fibre stress of the material in the 
section of the test piece at mid-span. It is calculated 
according to the relationship given in F-5.1. 

F-1.3 Flexural Stress at the Conventional 
Deflection 

The flexural stress at a deflection equal to 1.5 times the 
thickness of the test piece. 

F-1.4 Flexural Stress at Maximum I^oad 

The flexural stress developed when the load reaches 
the first maximum. 

F-1J5 Flexural Stress at Rupture 

The flexural stress developed at the moment of 
rupture. 

F-2 APPARATUS 

F-2.1 Standard Testing Machine 

Properly constructed and calibrated, which can be 
operated at an approximately constant rale, V, of 
relative movement of the loading nose and the sup- 
ports, and in which the error for indicated loads does 



not exceed ± 1 percent and for indicated deflection 
does not exceed ± 2 percent. 

NOTE — It is recommended that a machine be used which has 
less than 2 mm movement ofthe weighing mechanism for the lull 
scale load. 

The radius r of the loading nose and the radius r 2 of 
the supports shall be as follows: 

r t : 5 ± 0.1 mm; 

r 2 : 0.5 ± 0.2 mm for thickness of the test piece 
up to and including 3 mm; and 

2 ± 0.2 mm for thickness of the test piece over 

3 mm ( see Fig. 8 ). 

The span shall be adjustable. 

F-3 TEST PIECES 

F-3.1 Prepare bars of rectangular cross-section as 
described in 7. 

F-3. 1.1 Standard Test Pieces 

The standard dimensions in millimetres shall be: 

length / = 80 or more 
width 6= 10 ±0.5 
thickness It = 4 ± 0.2 

F-3.1. 2 Other Test Pieces 

When it is not possible or desirable to use I he 
standard test piece, the following rules shall be 
observed, except as noted below: 

a) The length and thickness of the test piece shall 
be in the same ratio as in the standard test 
piece, that is: 

/, Min = 20 h 

b) The width of the. test piece may be any value 
between 10 and 25 mm except for materials 
with very coarse fillers for which the width 
shall be 20 to 50 mm. 
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NOTE — Tbe preparation and dimensions of the test piece may 
be defined by the specification for the material. Alternatively, the 
values of width given in the table below may be used: 

Fibre-Reinforced Plastics 

* 
All dimensions in millimetres. 



Measure 
percent. 



the length of the span to within 0.5 



ominal Thickness 
h 


Width 
b 


1 < h $ 


10 


15 


10 < h .$ 


20 


30 


20 < h < 


35 


50 


35 < h ^ 


50 


80 



0.5 



When very coarse textile glass fibre roving is used as 
the reinforcement, it may be necessary to increase the 
width of the test pieces. 

F-3,2 Anisotropic Materials 

F-3.2.1 In the case of anisotropic materials, the test 
pieces shall be chosen so that the flexural stress in 
the test procedure will be applied in the same direc- 
tion as that to which products (moulded articles, 
sheets, tubes, etc) similar to those from which the test 
pieces are taken, will be subjected in service. The 
relationship of the test piece chosen to the application 
will determine the possibility or impossibility of using 
standard test pieces and, in the latter case, will 
govern the choice of the dimensions of the test 
pieces in accordance with F-3.2. It should be noted 
that the position or orientation and the dimensions of 
the test pieces sometimes have a very significant 
influence on the test results. This is particularly true of 
laminates (see Fig. 7 ). 

F-3.2.2 When the material shows a significant 
difference in flexural properties in two principal 
directions, it is to be tested in these two directions. If, 
because ofthe application, this material is subjected to 
stress at some specific orientation to the principal 
direction, it is desirable to test the material in that 
orientation. 

F-3.3 Number of Test Pieces 

F-3.3.1 At least five test pieces shall be tested. 

F-3.3.2 The results from test pieces that break out- 
side the central one-third of the span length shall be 
discarded and new test pieces shall be tested in their 
place. 

F-3.4 Conditioning of Test Pieees 

The test pieces shall be conditioned as per 7.2. 

F-4 PROCEDURE 

F-4.1 Carry out the test in (one of the) standard 
atmosphere specified in IS 196 : 1966. 

F-4.2 Measure the width, b, of the test piece io the 
nearest 0.1 mm and the thickness,/?, to the nearest 0.02 
mm. Adjust the length ofthe span, L, to : 

1 = 15/jto 17 h 



NOTE — For very thick and unidirectional fibre-reinforces test 
pieces it may be necessary to use a distance between sup- 
ports calculated on a higher ratio of L/h to avoid delamination in 
shear. 

For very thin test pieces, it may be necessary to use a distance 
between supports calculated on a lower value of L/h to enable 
measurements to be made within the load capacity of the testing 
machine. 

F-4.3 For testing to a specification, V(relative rate of 
movement ofthe loading nose and supports) shall be as 
required in the specification for the material. 

NOTE 1 — If desired, V may be calculated as follows: 
SrL 2 



6h 



where 



V is the relative rate of movement ofthe loading nose and 
supports in millimetres per minute; 

Sr is the strain rate, per minute, 0.01 or as required by the 
material specification; 

L is the span length in millimetres; and 

h is the thickness of the test piece in millimetres. 

NOTE 2 — When there is no specification for the fibre-rein- 
forced material to be tested, one or the other of the two following 
methods can be used: 

Method A : for qualification testing of the material 
when L/h =16 + 1 

V^mm/min) = A/2 (mm) 

Method B : for routine and screening tests 
V - 10 mm/mi n 

F-4.4 Load the test piece as a simple beam at mid- 
span without impact (see Fig. 8). 

F-4.5 If it is desired to measure the modulus of 
elasticity, read the load and the deflection values 
simultaneously sufficiently frequently so that a 
smooth load-deflection curve may be plotted. 

F-4.6 For test pieces that rupture before, or at, the 
moment of reaching the conventional deflection 
(see F-1.3), record the load and deflection al 
rupture. 

F-4.7 For test pieces that do not rupture before, or 
at, the conventional deflection (see F-1.3), record 
the load atthe conventional deflection. Alternatively, 
if required by the material specification, continue 
the test without interruption beyond the 
conventional deflection, until rupture occurs or a 
maximum load is reached; nvord the load and deflection 
at whichever of these points is specified 

F-4.8 For test pieces that show maximum load 
before the conventional deflection is reached, 
record the maximum load and the corresponding 
deflection. 
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F-5 EXPRESSION OF RESULTS 

F-5.1 The flexural stress, o f at a load F is calculated, 
in megapascals from the formula: 

M 
a = 

W 
where 

M is the flexura! moment at load F, given by the 
formula: 



M = 



FL 



in which 

F is the applied load, in meganewtons; 

L is the span length in metres; and 

W is the section modulus, in cubic metres. 



For a rectangular section: 



W = 



and 



NOTES 



bh 2 



3FL 
2bh 2 



1 If M is expressed in newton millimetres and W in cubic 
millimetres, a, is obtained in N/mm 2 , numerically equal to MPa. 

If M is expressed in kilogram-force millimetres, and Wis in cubic 
millimetres, a, is obtained in kgf/mm 2 . 

2 For a more accurate calculation of the flexural stress which 
takes into account the horizontal component of the flexural 
moment at deflection d, the following equation may be used: 



3FZ, 



0* £) 



' 2bh 2 

where, d is the deflection at mid-span in millimetres. 
The other terms are as previously defined. 



F-5.2 To calculate the apparent modulus of elasticity, 
E., in megapascals, a load-deflection curve is plotted 
using the data collected. The modulus of elasticity is 
determined from the initial linear portion of the load- 
deflect curve by using at least five values of the 
deflection and the load for the test piece, £ b , is given 
by the following formu la: 



E , = 



4bh } 



where 

E b 

L 

b 

h 

F 



is the modulus of elasticity; 

is the span length; 

is the width of the test piece; 

is the thickness of the test piece; 

is the load at a chosen point on the initial linear 

portion of the load -deflection curve; and 

is the deflection corresponding to load F. 



If L, b, h and y are in millimetre, and F is in newton, 
then E b is in N/mm 2 which is numerically equal to MPa 
and if L, b, It, and Y are in millimetres but F is in 
kilogram-force, then£ b is in kgf/mm 2 . 

F-5.3 The calculated flexural stress is that which 
occurs at the surfaces of the test piece, assuming that 
the neutral axis is the middle of the thickness. 

During a flexural test, three different types of breaks 
can occur: 

a) ruplure due to tensile stresses; 

b) rupture due to compression stresses; and 

c) rupture due to shear stress. 

The type (s) of break which occur(s) must be indicated 
for each test piece. 

If the types of rupture observed in testing a group of 
test pieces are different, then the values obtained for 
flexural stresses are statistically in homogeneous. In 
such a case it is necessary to carry out a critical study 
of all the results and to examine with great care the 
arithmetic mean values and statistical deviations. 
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A VTXTITV r* 

[(Table 2, SI No. (ix) ] 

DETERMINATION OF POWER ARC RESISTANCE 
( Adapted from ASTM D 495-84 ) 



G-0 GENERAL 



G-l SIGNIFICANCE AND USE 



G-0.1 This test nicihud is intended to differentiate, in 
a preliminary fashion, among similar materials with 
re.sne.ct to their resistance, to the. artion of a. hicrh- 

1 -- - - -- o 

voltage, low-current arc close to the surface of insula- 
tion, intending to form a conducting path therein or in 
causing the material to become conducting due to the 
localized thermal and chemical decomposition and 
erosion. 

G-0.2 The usefulness of this test method is very sev- 
erly limited by many restrictions. Generally, this test 
method should not be used in material specifications. 
Whenever possible, alternative test methods should be 
used, and their development is encouraged. 

G-0.3 This test method will not, in general, permit 
conclusions to be drawn concerning the relative arc 
resistance rankings of materials which may be sub- 
jected to other types of arcs, for example, high voltage 
at high currents, and low voltage at low or high 
currents ( promoted by surges or by conducting 
contaminates ). 

G-0.4 The test method is intended, because of its 
convenience and the short time required for testing, 
for preliminary screening of material, for detecting 
the effects of changes in formulation, and for quality 
control testing after correlation has been estab- 
lished with other types of simulated service arc tests 
and field experience. Because this test method is 
usually conducted under clean and dry laboratory 
conditions rarely encountered in practice, the predic- 
tion of a material's relative performance in typical 
applications and in varying 'clean to dirty' environ- 
ments may be substantialy altered. Caution is urged 
against drawing strong conclusions without cor- 
roborating support of simulated service tests and 
field testing. Rather, this test method is useful for 
preliminary evaluation of changes in structure and 
composition without the complicating influence of 
environmental conditions, especially dirt and 
moisture. 

NOTE — By changing some of the circuit condition described 
herein it has been found possible to rearrange markedly the order 
of arc resistance of a group of organic insulating materials 
consisting of vulcanized fibre and of moulded phenolic and 
amino plastics, some containing organic, and some inorganic 
filler. 

G-0.5 This test method is not applicable to materials 
that do not produce conductive paths under the action 
of an electric arc, or that melt or form fluid residues 
which float conductive residues out of the active test 
area thereby preventing formation of a conductive 
path. 



v»-j..i me uigii voiiage, jow-curreni type 01 arc 
resistance test is intended to simulate only approxi- 
matelv such service conditions as exist in alternating 
current circuits operating at high voltage, but at 
currents limited to unit and tens of milliamperes. 

G-1.2 In order to distinguish more easily among 

~.,.*~_:^i.- ...u:„u i „ l _-- . ;„4 »i._ t.. 

iimiciiaia wmv-ii uovi. iuw nn.. icsiaidiii^c, iuc rany 

stages of this test method are mild, and the later stages 
are successively more severe. The arc occurs 
intermittently between two electrodes Testing on 
the surface of the specimen, in regular or inverted 
orientation. The severity is increased in the early 
stages by successively decreasing to zero the 
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«f 



iJf. 
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later stages by increasing the current. 

G-l .3 Four general types of failure have been 
observed. 

G-l .3.1 Many inorganic dielectrics become incan- 
descent, whereupon they are capable of conducting 
the current. Upon cooling, however, they return to 
their earlier insulating condition. 

G-l.3.2 Some organic compounds burst into flame 
without the formation of a visible conducting path in 
the substance. 

G-l. 3.3 Others are seen to fail by 'tracking', that is, a 
thin wiry line is formed between the electrodes. 

G-l.3.4 The fourth type occurs by carbonization of 
the surface until sufficient carbon is present to carry 
the current. 

G-1.4 Materials often fail within the first few 
seconds after a change in the severity stage. When 
comparing the arc resistance of materials, much more 
weight should be given to a few seconds that 
overlap two stages than to the same elapsed lime 
within a stage. Thus, there is a much greater difference 
in arc resistance between 178 to 182 s than between 
174 and 178 s. 

G-2 DEFINITIONS 

G-2.1 Are Resistance 

The total elapsed time (seconds) of operation of the 
test until failure occurs. 

G-2.2 Failure 

For materials for which this test method has most 
meaningand significance, the end point, or 'failure' is 
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usually quite definite in that a conducting path is 
formed across the dielectric, the arc disappears into 
the material, and a noticeable change in sound 
takes place. For some materials, however, the descrip- 
tion of failure is more difficult. In these cases, failure 
is described as follows. 

G-2.2.1 The trend towards failure increases over a 
fairly broad interval of time before all parts of the arc 
have disappeared. In this instance the end point, or 
'failure', is considered to have been reached only 
when all parts of the surface between the electrodes 
are carrying the current; that is, no portion is appar- 
ent as an arc. 

NOTE — In testing some materials, a persistent scintillation wilt 
be observed dose to the electrodes after a tracking path obvi- 
ously has been completed. The persistence of this remaining 
scintillation is not to be counted as part of the arc resistance 
time. 

G-2.2.2 Burning of the material obscures the arc. It 
may be preferable in such cases to report simply that 
failure occurred by burning. 

G-2.23 In successive arc intervals the dielectric con- 
ducts the current only in the later part of the 'on' 
time. The first such interval should be designated as 
failure. 

G-2.2.4 When materials behave as described 
in G-0.5, simply report by the type behaviour and the 
statement 'Test not applicable for this material'. 

G-2.3 Orientation 

In normal orientation, the electrodes are placed on 
top of the specimen. In inverted orientation, the elec- 
trodes are placed on the underside of the specimen in 
order to achieve closer contact of the arc to the speci- 
men. The inverted configuration is a more severe test 
and in many tests produces less data dispersion. 

G-3 INTERFERENCES 

G-3.1 It has been found that changes in the timing of 
the intermittent arc, and in the current, as well as other 
circuit changes affecting the nature of the discharge, 
does not only affect the duration of a test of most 
samples in a group of dissimilar materials, but can 
drastically alter their positions in order of rank. It is 
therefore, obvious that data obtained by this test 
method, and the arbitrary conditions of test that have 
been assigned, should nol be employed to infer thai 
the materials examined occupy an unchanging quality 
relationship to each other, regardless of conditions of 
anticipated use. 

G-3,2 This test method describes two electrode 
systems : stainless steel strip and tungsten rod. When 
testing materials with poor to moderate arc resistance 
(up to 180 s), the stainless strip electrodes shall be 
used in order to decrease the variability often 
associated with the use of the rod electrodes. It is 
permissible to make additional tests with rod 
electrodes, so as to provide a basis for compa rison with 
other data obtained with such electrodes. For values 



of arc resistance greater than 180 s, the use of the 
tungsten rod electrodes is recommended because 
the corners of the stainless steel strip electrodes 
erode appreciably under such conditions. Results 
obtained with the use of the tungsten rod electrode 
system may be different from those obtained with the 
use of the stainless steel strip electrode system. 

G-4 APPARATUS 

G-4.1 The apparatus (see Fig. 9 for electrical circuit) 
is closely specified to maximize data reproducibility 
among different test sets. The arc obtained will be 
relatively quiet, rather than the crackly blue spark 
characteristic of a condenser discharge. Primary 
voltage control is made by a variable transformer 
rather than by a variable inductance because of its 
proved deleterious affect on the performance of the 
arc. 

G-4.1. 1 Transformer T v 

A self-regulating transformer (non-power factor cor- 
rected) with a rated primary potential of 115 Vat 
60 Hz ac, a rated secondary potential (on open circuit) 
of 15 000 V, and a rated secondary current (on short 
circuit) of 0.060 A. 

NOTE — The rated primary potential of transformer 7 of 1 15 V, 
60 Hz ac could be supplied from a suitable main transformer 

..... j _. *\ tf\ irnirir rn rl- .. ■. t- J! i!.« 

ruicu oi ^w v/nj v j\r lit. w ami iiiuwiu wiimuuiia. 



G-4.1. 2 Variable Autotrans former, T t 

An autotransformer rated at 7 A or more, and nomi- 
nally adjustable ud to 135 V. 

G-4.1.3 Voltmeter, V x 

An ac voltmeter, readable to 1 V in the range 90 to 130 
V, is permanently connected across the output of the 
autotransformer to indicate the voltage supplies to the 
primary circuit. 

NOTE — A constant primary voltage supply is recommended. 
Commercially available line voltage stabilizers which do not 
distort the voltage waveform are suitable. 

G-4. 1.4 Milliammeter, A 

An ac milliammeter capable of reading from 10 to 40 
mA with an error of not over ± 5 percent. Before use, 
to make certain of its readings, this meter should be 
calibrated in a test circuit containing no arc gap. Since 
this milliammeter is used only when setting up or 
making changes in the circuit, it may be shorted out by 
a by-pass switches when not in use. 

NOTE — Although provision has been made for the suppression 
of rftHio-fremjenc 1 comTXjncnls of current in the arc i! ma u be 
desirable lo check for their presence when the apparatus is first 
constructed. This is done by use of a suitable thcrmocouplc-lypc 
r-f milliammeter temporarily inserted in series with the milli.im 
meter. 

G-4.1.5 Current Control Resistors, R, n ,R^,,R, n ,R^ 

10 20 30 40 

Four resistors are required in series with the primary 
of T v but in parallel with each other. These resistors 
must be adjustable, to some extent, to permit exact 
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settings of the currents during calibration/?^ is always 
in the circuit to provide a 10 mA current. Its value is ap- 

„:«.».!., en .,,:tu ,„» ,„i; «f „t lo^t 1 1 / a 

uiuAiiiiaLE'ijr \j\j, wnjj a v-um-iii lanugo v>i ai iloji ± / .' _i - 

Closing switch 5 20 to add R 20 in parallel with /?^, will 
provide a 20 mA arc current. R, Q is about 50 Q with 
a current rating of at least 17, A- Similarly, R i0 and 
R 40 have values of about 30 and 15 respectively, with 
associated current ratings of 2 and 5 A. These resis- 
tors, when switched in, provide arc current of 30 mA 
n ,*A An *»» a ,..o,^>,.t;.,«i., 

G-4.1.6 Suppressing Resistors, R. 

Rated at 15 000 Q and at least 24 W. This resistor, 
ftJQtia with the inductors in G-4.1.7, is used to 
suppress parasitic high frequency in the arc circuit. 

G-4.1.7 Air Core Inductors 

Inductance totalling from 1 .2 to 1 .5 H is obtained from 
about 8 coils of No. 30 cotton or enamel coated 
covered wired. A single coil of this inductance is not 
satisfactory. Each coil consists of 3 000 to 5 000 turns 
of wire wound or insulating non-metallic cores of 

alvtiii (\ D iimri'l 19 7 mm Hiimptpr nttrt f"S/S itir»rl«»«\ 
.. ^. ... V i,^. ...^ u/ j.^., ».»... »-.«...~-~. „.._ v ~,^- — — — — , 

15.9 mm inside length. 

G-4.1.8 Interruptor, I 

This motor-driven device is used to give the re- 
quired cycles for the three lower steps of the test by 
opening and closing the primary circuit according to 
the schedule in Table 8, with an accuracy of ± 1/120 s 
or better. The interruptor can be a synchronous motor 
driving three appropriate sets of cams which actuate 
the contactor switches. 

G-4.1.9 Timer, TT 

A stop watch or electric interval tinier operating at 
115 V ac, accurate to 1 s. 

G-4.1.10 Indicator Lamp, IL 

A6W, 115 Vlampwitha 2000 £2 resistor,/? inserics. 
This lamp indicates the interrupting cycles being used 
and permits the operator to start the first cycle of each 
test in a uniform manner by closing S, /g just after the 
lamp is extinguished. 

G-4.1.1 1 Control Switches 

Toggle switches are convenient. All may be of the 
size rated at 3 A and 110 to 125 V ac, except 5,, and 
S 40 , which require 10 A ratings. 

G-4.1.12 Safety Interlocking Contactor, C s 

Rated at 10 A and 110 to 125 V ac, this interlocking 
contactor is installed so that raising the draft shield 
around the electrode assembly will open the contac- 
tor and thus remove high voltage from the electrodes. 
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G-4.1.1 3 Interruptor Contactors, C m , C 1/4 , C 

Normally, open spring contactors, rated at 1/A (or 
better) and 125 Vac. These contactors are operated by 
the interrupted cams, thus closing and opening the 



primary circuit and providing the intermittent arc 
cycles listed in Table 8. 

G-4.1.14 High Voltage Switch, S 4 

A single-poie, singie-throw switch insuiated for 
15 000 V ac. This switch must be isolated from the 

Ancrfltnr hv a initahlp pnrlntiirp thrnnoh whirh 

„, . __, ». J3— „ 

projects an insulating handle of sufficient length to 
ensure operator safety. 

G-4.1.1 5 Wiring 

All wiring in the arc circuit must be of ignition wire 
rated at 15 kV or higher, and must be so disposed that 
it and any circuit components are not readily 
assembled when energized. 

G-4.1.16 Sharpening Jig for Tungsten Rod Electrodes 

A steei jug for securing the electrodes during sharp- 
ening to ensure finishing the pointed tips to the proper 
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G-4.1.17 Stainless Steel Strip Electrodes 

Cut (0.006 inches) 0.15 mm thick stainless steel into 
(1/2 by 1 inch) 12.7 by 25.4 mm strips. (The edges must 
be free of burrs.) Bend each strip slightly in the 
middle of the long dimension to form an angle of 
approximately 160". 

G-4.1.18 Tungsten Rod Electrodes (see G-3.2 for 
restrictions) 

Make the electrodes from (3/32 inches) 2.4 nun 
diameter tungsten rod (tungsten welding rod has been 
found suitable) which is free of cracks, pits or rough 
spots. Use rods about (l 3 / 4 inches) 45 mm long in the 
electrode assembly, or use shorter rod lengths 
fastened into a square shank (see Fig. 1 1) by swaging, 
brazing or silver soldering, leaving an exposed 
length of about (3/4 inches) 19 mm. The shank ensures 
correct orientation of the electrode point after shar- 
pening (see G-7.2.2), although correct orientation of 
the simple rod electrode may be obtained by 
adjustment of the rod in the electrode assembly. In 
either type of rod electrode, grind the end of the rod at 
a 30° angle to the axis (see Fig. 11) to achieve a flat 
elliptical face. Exercise care in grinding to prevent 
cracking or chipping. 

G-4.1 .1 9 Electrode Assemblies 

These assemblies provide, a means of holding the 
electrodes and specimens and of applying the arc to 
the top surface of the specimen. Construct each 
assembly, whether for stainless steel strip electrodes or 
for tungsten rod electrodes, so that the top surface of 
each specimen is at the same level height. Provide 
ample air space below the specimen, especially in the 
region directly below the test area. Adjust each 
electrode so that it rests independently with a force 
of 50 ± 5 g on the top of the specimen. Provide a 
transparent shield around the assembly to protect the 
specimen from air drafts, and allow venting of 
combustion products in cases where specimens 
give off toxic smoke or gases during the test. 
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1/4 10 


10 


1/2 10 


10 


10 


10 


20 


20 


30 


30 


40 


40 



Protect the operator from inadvertent contact with 
the electrodes, and provide a clear view of the arc from 
a position slightly above the plane of the specimen. 

Table 8 Sequence of 1-Min Current Steps 

( Clauses G-4.1.8 and G-4.1.13 ) 

Step Current, mA Time Cycle* Total Time, s 

(1) (2) (3) (4) 

1/8 10 10 1/4 s on, 17, s off 60 

1/4 s on, 3/4 s off 120 

1/4 son, 1/4 s off 180 

continuous 240 

conlinuous 300 

continuous 360 

continuous 420 

* In the earlier steps an interrupted arc is used to obtain a less 
severe condition than the continuous arc; a currentof less than 
10 mA produces an unsteady (flaring) arc. 

G-4.1.19.1 Stainless steel strip electrode assembly 
(see Fig. 12 and 13) 

Place two stainless steel strip electrodes on the top of 
the specimen surface with the comers downand spaced 
(0.250 ± 0.003 inches) 6.35 ± 0.08 mm apart, and at 
angles of 45° to a line joining the corners. Either use 
an electrode holder such as the one in Fig. 12 and 13, 
or use the rod electrode assembly with the rods sepa- 
rated and resting on the stainless steel strip electrodes. 

G-4.1.19.2 Tungsten rod electrode assembly (see 
Fig. Hand 14) 

Position the electrodes so that they lie in the same 
vertical plane and are both inclined 35° from the 
horizontal (thus inclined 110° between their axes). 
Check to see that the minor axes of the elliptical tip 
surfaces are horizontal, and space the tips (0.250 ± 
0.003 inches) 6.35 ± 0.08 mm apart. The proper orien- 
tation will automatically be obtained if the following 
factors are controlled: 

a) Axis of tungsten rod is perpendicular to the 
axis of the support rod, 

b) Support rods are gripped in the pivot in a 
position such that the axis of each electrode is 
inclined at 35° when the support rods are 
horizontal, 

c) Electrodes are mounted in square shanks and 
sharpened in a correctly made jig, and 

d) The spacing between electrode tips is adjusted 
with the support rods in a horizontal position. 
If electrodes are not mounted in square shanks, 
obtain proper orientation by adjusting and 
rotating the electrodes after they are inserted 
in the appropriate electrode assembly. 

G-5 SAFETY PRECAUTIONS 

G-5.1 Lethal voltages may be present during this test. 



It is essential that the test apparatus and all associated 
equipment that may be electrically connected to it be 
properly designed and installed for safe operation. 

G-5.2 Solidly ground all metal parts that any person 
might come into contact with during the test. 

G-5.3 Thoroughly instruct all operators in the proper 
way to conduct the test safely. 

G-5.4 When making tests at high voltage with elec- 
trodes, the energy released at breakdown may be 
sufficient to result in fire, explosion, or rupture of 
the test chamber. Design of test equipment, test cham- 
bers, and test specimens should be such as to minimize 
the possibility of such occurrences, and to eliminate 
the possibility of personal injury. 

G-6 SPECIMENS AND NUMBER OF TESTS 

G-6.1 For standard comparison of materials, test at 
least five specimens (0.125 ±0.010 inches) 3.1 7 ±0.25 
mm in thickness. Make each test on a flat surface 
of the specimen, with each test area not closer than 
(1/4 inches) 6.4 mm to the specimen edge nor closer 
than (1/2 inches) 12.7 mm to a previously tested area. 
Test thin materials by first clamping them together 
tightly to form a specimen as close as possible to the 
recommended thickness. 

G-6.2 When testing moulded parts, apply the arr to a 
location deemed most significant. Make all compari- 
son tests of parts in similar locations. 

G-6.3 Dust, moisture, or finger marks can affect the 
time required to track. If affected, clean specimens or 
parts with a cloth containing water or other suitable 
solvent before conditioning. Wipe such specimens 
with a dry cloth immediately before testing. 

NOTE — If the purpose of the test is to ascertain the effect of 
contamination, these instructions may be disregarded. However, 
state the nature and quantity of contaminant present (if known) 
in the report. 

G-7 CLEANING AND SHARPENING 
ELECTRODES 

G-7.1 Stainless Steel Electrodes 

Use two new corners of the stainless steel strip elec- 
trodes for each test. Replace electrodes after four tests. 
Other than inspecting the electrode corners to he 
sure that they are free of burrs, no cleaning or 
sharpening is required. 

G-7.2 Tungsten Rod Electrodes 

G-7.2.1 If excessive accumulations of products of 
decomposition occur, clean the rod electrodes gently 
with laboratory tissues. The application of a continu- 
ous 40 mA arc for approximately 1 niin (without a 
specimen in place) often proves to be the most effec- 
tive technique of cleaning the electrodes. 

G-7.2.2 Sharpen the tungsten rod electrodes when 
examination of the tip edge shows thai it has been 



20 



IS 13411 : 1992 



rounded to a diameter of (0.030 inches) 0.08 mm, or 
when burrs or rough edges are observable at 15 x 
magnification. First, polish the rod surface by rotat- 
ing it on its axis using successive grades of emery 
paper (form No. 1 to 000) held between the fingers. 
Then mount the electrode in the sharpening jig (see 
Fig. 10) with its elliptical face flush with the surface of 
the jig. Hold the surface against a rotating polishing 
disk or rub against a stationary machinist's flat, using 
No. 1 to No. 000 emery or emery paper to make 
successive cuts. The resulting elliptical face should be 
a highly polished surface inclined at 30 ± 1° to the axis 
of the electrode. The electrodes are considered prop- 
erly sharpened and polished when no burrs or rough 
edges are observable at 15 x magnification. 

G-8 CALIBRATION 

G-8.1 With the circuit connected as shown in Fig. 9, 
calibrate the test apparatus for correct voltage and 
current as follows. 

G-8.1. 1 In making these calibrations, the operator 
necessarily comes into contact with the high voltage 
wiring of the secondary circuit. It is, therefore, impera- 
tive that the circuit be de-energized by opening Sj 
before each change in connection is made. 

G-8.1.2 Open Circuit Operating Voltage 

Attach an electrostatic voltmeter across the secondary 
of T v . With S 4 open and 5 10 and S t closed, initially 
adjust the autotransformer, T 3 to provide an open 
circuit operating voltage of 12 500 V. 

G-8. 1.3 Adjustment of Secondary Current 

With the correctly spaced electrodes resting on a 
lava or ceramic block and with the draft shield 
closed, close switches S v S 4 and 5 !Q . Adjust R l0 lo 
give the required current of 10 niA as indicated by 
the milliammeter A. If the apparatus is checked for 
r-f current in the secondary when the equipment is 
first set up, the r-f thermocouple milliammeter (see 
Note given under G-4.1.4) should also read 10 mA to 
indicate proper suppression of r-f. Open S 4 again and 
readjust T to give anopencircuitsecondaryvoltage 
of 12 500 v* as indicated by an electrostatic voltmeter. 
Repeat this procedure until no further adjustment is 
necessary to obtain 10 niA and 12 500 V. Note the 
reading on the voltmeter V at this time while the arc is 
continuous at JO mA. Maintain this voltage (typically 
around 110 to 115 V) for all subsequent calibration and 
testing. Next close, S 20 a long with S 10 , thus placing/?,,, 
in parallel with R l0 . Adjust ^,„to give an arc current of 
20 mA. Close 5 30 and adjust a jo for a 30 mA current, 
and, finally, close S 40 and adjust R ]0 to give a 40 mA 
current. 

G-9 CONDITIONING 

G-9.1 Condition specimens prior to testing in accor- 
dance with 7.2. 

G-9,2 If the specimens have been kept at a tempera- 
ture close to or below the dew point of the surround- 



ings in which the test will be run, prevent condensation 
on the specimens by warming the specimens in a dry 
atmosphere. 

NOTE — Wanning the specimen in a 50P oven for about 
30 minutes is suitable in most cases. 

G-10 PROCEDURE 

G-10.1 Place the specimen in the appropriate elec- 
trode assembly (see G-4.1.19). Lower the electrodes 
and check the spacing. 

G-10.2 Lower the draft shield, close S { and adjust 7, 
if necessary, to obtain the required voltage across 
voltmeter V as established in the calibration proce- 
dure. 

G-10.3 Begin the test by first closing S { , S 4 and 5 . 
Observe the indicator lamp, just after the lamp is 
extinguished, simultaneously close 5 T and S y6 to 
begin the timer and the first level of arc severity in ac- 
cordance with Table 8. At the end of each minute 
increase the arc severity in sequence as shown in 
Table 8 until failure occurs as defined in G-2.2. At 
failure, immediately interrupt the arc current and stop 
the interval timer by openingSj. Record the seconds to 
failure. 

G-10.4 While the test is in progress, watch the arc 
from a position nearly on a level with the surface of 
the specimen to determine if the arc is 'normal' [ lying 
close to the specimen with not over (1/16 inches) 1.6 
mm lift at its middle] and to observe the progression 
of tracking. If the arc should 'climb' of flare irregu- 
larly, it is an indication that the circuit constants are 
incorrect. 

NOTE — Gases are expelled forcibly from some insulators, thus 
causing the arc to flutter, check, the equipment for proper opera- 
tion in these instances by examining the arc for quietness and 
maintenance of a position close to a surface such as glass or lava. 

G-ll REPORT 

G-ll.l The report shall include the following infor- 
mation. 

G-ll.1.1 Type and trade name of material. 

G-ll.1.2 Conditions of fabrication. 

G-l 1-1.3 Conditioning prior to test. 

G-l 1.1.4 Thickness of specimen, or if not a standard 
specimen, a description of the part. 

G-l 1.1.5 Electrode system used and orientation, 
whether normal or inverted. 

G-l 1.1,6 Number of tests. 

G-l 1.1.7 Median and minimum arc resistance times. 

G-l 1.1.8 Special remarks, for instance burning and 
softening. 

G-ll.1.9 Kind and amount of contaminant, if any. 



21 



IS 13411 : 1992 

G-12 PRECISION AND BIAS 

G-12.1 Precision depends substantially on the com- 
position and thickness of the specimen, type of elec- 
trodes used, and time of failure. In the latter case, 
specimens which fail shortly after a change in the 



severity stage generally exhibit better provision 
than specimens which fail well into a given severity 
stage. 

G-12.2 No bias statement can be made since no 
standard material exists for this test method. 



ANNEX H 
[Table 2, SI No. (xii) ] 

DETERMINATON OF HEAT DISTORTION TEMPERATURE 
[ Adapted from ISO 75 : 1987 Method A ] 



H-0 PRINCD?LE 

H-0.1 Determination of the temperature at which a 
specified deflection occurs when a standard test speci- 
men of plastics or ebonite is subjected to bending 
stress producing one of the nominal surface stresses 
given in H-0.2, when the temperature is raised at a 
uniform rate. 

H-0.2 Two methods have been specified: 

— Method A, using a nominal surface stress of 
1.80 MPa; and 

— Method B, using a nominal surface stress of 
0.45 MPa. 

HI APPARATUS 

H-l.l Means of Application of Bending Stress 

The apparatus shall be constructed essentially as 
shown in Fig. 15. It consists of a rigid metal frame in 
which a rod can move freely vertically. The rod is 
provided with a weight-carrying plate and a loading 
nose. The base of the frame is fitted with test specimen 
supports; these and the vertical members of the 
frameare made of metal having the same coefficient of 
linear expansion as the rod. 

The test specimen supports consists of cylindrical- 
shaped metal pieces 100 ± 2 mm apart (see Fig. 15), 
with their lines of contact in a horizontal plane, fitted 
to the base of the frame in such a way that the vertical 
force applied to the test specimen by the loading nose 
is midway between them. The edges of the supports 
are parallel to the loading nose and at right angles to 
the length direction of a test specimen placed symmet- 
rically between them. The contact edges of the sup- 
ports and the loading nose are rounded to a radius of 
3.0 ± 0.2 mm and shall be longer than the thickness of 
the test specimen. 

Unless vertical parts of the apparatus have the same 
coefficient of linear expansion, the differential change 
in the length of these parts introduces an error in 
the reading of the apparent deflection of the test 
specimen. A blank test shall be made on each appara- 
tus using a test specimen made of rigid material 
having a low coefficient of expansion. The tempera- 



ture ranges to be used shall be covered and a correc- 
tion term determined for each temperature. If the cor- 
rection term is 0.010 mm or greater, its algebraic sign 
shall be noted and the term applied to each test by 
adding it algebraically to the reading of apparent 
deflection of the test specimen. 

H-1.2 Heating Bath 

Containing a suitable liquid in which the test specimen 
can be immersed to a depth of at least 50 mm. An 
efficient stirrer shall be provided. The heating bath 
shall be equipped with a means of control so that the 
temperature can be raised at a uniform rate of 120 ± 10 
K/h. This heating rate shall be considered to be met if 
over every 6-minutes interval during the test, the tem- 
perature change is 12 ± 1 K. 

The apparatus may be arranged to shut off the heat 
automatically and sound an alarm when the specified 
deflection has been reached. 

NOTES 

1 Liquid paraffin, transformer oil, glycerol and silicone oils may 
be suitable liquid heat-transfer media, but other liquids may be 
used. In all cases, it shall be established that the liquid chosen is 
stable at the temperature used and does not affect the material 
under test, for example, by swelling, softening or cracking. If no 
suitable liquid can be found for use as a heat-transfer medium, a 
fluidized bed may be used as a heat-transfer medium. 

2 The results of the test may depend on the thermal conductivity 
of the heat transfer medium. 

H-1.3 Weights 

A set of weights shall be provided so that the test 
specimen can be loaded to the required nominal sur- 
face slress, calculated according to H-4.1. 

NOTF, — It may be necessary to adjust these weights in 1 g 
increments. 

H-L4 Thermometer 

Mercury-jn-glass of the partial immersion type, or 
other suitable temperature- measuring instrument of 
appropriate range and reading to 0.5°C or less. Mer- 
cury-in-glass thermometres shall be calibrated for the 
depth of immersion required by H-4.2. 

H-1,5 Deflection Measuring Instrument 

A calibrated micrometer dial-gauge or other suitable 
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measuring instrument to measure to 0.01 mm the 
deflection at the midpoint of the test specimen. 

NOTES 

1 In certain forms of construction of the apparatus, the force F t 
of a dial-gauge spring is directed upward and therefore, de- 
tracts from the downward forfe applied by the mass of the 
weighted rod, while in other forms, F acts downward and 
augments that applied by the Weighted rod. In such cases, it is 
necessary to determine the magnitude and direction of F so as to 
be able to compensate for its affects accordingly (see H-4.1). 

2 Since in certain dial gauges F t varies considerably over the 
stroke, it should be measure*! in that part of the stroke which is 
to be used. 

H-2 TEST SPECIMENS 

H-2.1 At least two test specimens shall be used to lest 
each sample. For moulding materials the test speci- 
mens shall be a rectangular bar 120 ± 10 mm in length, 
between 3.0 and 4.2 nun in thickness (b) and between 
9.8 and 15 mm in height (h). In case of compression 
moulded test specimens, the height shall be perpen- 
dicular to the direction of the moulding pressure. For 
materials in sheet form, the thickness of the test 
specimen (which dimension is ordinarily the thickness 
of the sheet) shall be in the range of 3 to 13 mm, 
preferably between 4 and 6 mm. 

NOTE — The test results obtained on specimens approaching 
13 mm thick may be 2 to 4 K above those obtained from thin 
test specimens because of poorer heat transfer. 

H-2 .2 The test results obtained on moulded test 
specimen depend on the moulding conditions used in 
their preparation. Moulding conditions shall be in 
accordance with 7 (the standard for the material) or 
shall be agreed upon by the interested parties. 

H-2.3 Discrepancies in test results due to variations in 
moulding conditions may be minimized by annealing 
the test specimens before test. Since different materi- 
als require different annealing conditions, anneal- 
ing procedures, shall be employed only if required, by 
the material standard or if agreed upon by the inter- 
ested parties. 

H-3 CONDITIONING 

H-3.1 The specimens shall be preconditioned in 
accordance with 7.2. 

H-4 PROCEDURE 

H-4.1 Calculation of Force to be Applied 

The force F to be applied to the test specimen is 
given, in newtons, by the. equation: 



F = 



2 ct Mr 
3L 



where 



is the maximum nominal surface stress in the 
test specimen, in megapascals (that is, 1.80 
when testing according to method A and 0.45 
when testing according to method B); 



b is the thickness of the test specimen, in 
millimetres; 

h is the height of the test specimen, in 
millimetres; and 

L is the measured length of span between 
supports, in millimetres. 

Measure dimensions b and h to the nearest 0. 1 mm and 
dimension L to the nearest 0.5 mm. 

The effect of the mass m t of the rod that applies the 
testing force F shall be taken into account as contri- 
butingpart of that force. If a spring-loaded component 
such as a dial gauge is used, the magnitude and 
direction of the force F s exerted by its spring shall also 
be taken into account as a positive or negative contribution 
to the force F (see Notes 1 and 2 of H-1.5). 

If required, the mass m w of additional weight to be 
placed on the rod to produce the required total force 
F is given by the equation: 

F = 9.91 (m +m)+F 

F -F 
and hence m = — — m 



9.81 



where 



m is the mass of the weight to be added, in kilo- 
grams; 

F is the total force to be applied to the test speci- 
men, in newton; 

m is the mass of the rod that applies the testing 
force, in kilograms; 

F s is the force exerted by any spring-loaded com- 
ponents involved, in newtons, and is a positive 
value if the thrust of the spring is towards the 
test specimen (downwards), or a negative value 
if the thrust of the spring is opposing the descent 
of the rod, or zero if no such component is 
involved. 

The actual force applied shall be the calculated force 
F ± 2.5 percent. 

H-5 INITIAL TEMPERATURE OF THE 
HEATING BATH 

H-5.1 The thermometer bulb or sensitive part of the 
temperature-measuring instrument (H-1.4) shall be at 
the same level and as close as possible to the lest 
specimen (within 10 mm), but not in contact with it. 
The temperature of the bath shall be 20 to 23°C at the 
start of each test, unless previous tests have shown that, 
for the particular materials under test, no error is 
introduced by starting at other temperatures. 

H-6 METHOD A 

H-6.1 Place a lest specimen on the supports so that 
the long axis of the specimen is perpendicular to the 
supports. Apply the calculated force (H-4.1) to give a 
nominal surface stress of 1.80 MPa on the test speci- 
men. Allow the force to act for 5 minutes (see Note). 
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Then make the zero reading or setting of the measuring 
device and start the heating. This waiting period may 
be omitted when testing materials that show no appre- 
ciable creep during the initial 5 min. 

Raise the temperature of the bath at a uniform rate of 
120 ± 10 K/h. Note the temperature at which the bar 
reaches the standard deflection corresponding to height 
of the test specimen, as given in Table 9, as the 
temperature of deflection under load at 1.80 MPa 
nominal surface stress. 



NOTE — The 5 minutes waiting period is provided to compensate 
partially for the creep exhibited by some materials at room 
temperature when subjected to the specified nominal surface 
stress. That part of the creep which occurs in the initial 6 minutes 
is usually a significant fraction of that which occurs in the first 30 
minutes. 



H-6.2 Express the temperature of deflection under 
load of the material under test as the arithmetic mean 
of the temperatures of deflection under load of the 
specimens tested. If the individual results for amor- 



phous plastics or ebonite differ by more than 2 K, or 
those for semicrystalline materials by more than 5 K, 
repeat tests shall be carried out. 

Table 9 Standard Deflection Vs Height of 
Test Specimen 

( Clause H-6.1 ) 



Height oT Test 


Specimen 


Standard Deflection 




mm 




mm 


9.8 


to 


9,9 


0.33 


10.0 


to 


10.3 


0.32 


10.4 


to 


10.6 


0.31 


10.7 


to 


10.9 


0.30 


11.0 


to 


11.4 


0.29 


11.5 


to 


11.9 


0.28 


12.0 


to 


12.3 


0.27 


12.4 


to 


12.7 


0.26 


12.8 


to 


13.2 


0.25 


13.3 


to 


13.7 


0.24 


13.8 


to 


14.1 


0.23 


14.2 


to 


14.6 


0.22 


14.7 


to 


15.0 


0.21 



ANNEX J 
[Tabled, SI No. i\\)} 

DETERMINATION OF RESISTANCE TO CHEMICALS 
( Adapted from ISO 175 : 1981 ) 



JO PRINCIPLE 

J-0.1 Complete immersion of test specimens in a test 
liquid for a specified temperature. 

J-0.2 Determination of their properties before and 
after immersion and, if applicable, after drying; in the 
latter case, the determinations are made, if possible, 
one after the other on the same specimens. 

J-l GENERAL REQUIREMENTS AND 
PROCEDURE 

J- 1.1 Test Liquids 

J - 1 . 1 . 1 Choice of Test L iqu ids 

If information is required about the behaviour of a 
plastic in contact with a specific liquid, that liquid 
shall, as a rule, be used. 

Industrial liquids are not generally of absolutely con- 
stant composition. Whenever possible, the test shall be 
carried out in defined chemical products used on their 
own as a mixture, and which are as representative as 
possible of the effect of the products under considera- 
tion on the plastic material concerned. 

NOTE — If making a series of tests in a liquid of doubtful 
composition, il is important to lake all the samples of the liquid 
from the same container. 



J - 1 . 1 .2 Test L iqu ids 

Types of test liquids shall be decided after agreement 
between the interested parties. 

J-l. 2 Test Temperatures 

J-l.2.1 Immersion Temperatures 

The preferred test temperatures are: 

a) 27±2°C,and 

b) 70±2°C. 

If a different temperature has to be used in order to 
correspond to the temperature at which the plastic is 
used, it shall be selected from the following pre- 
fe rred te mpc ra tu res : 

In particular, the following temperatures should be 
used: - 2 - 27 - 40 - 55 - 85 - 100 - 125 - 15()°C, with 
a tolerance of ± 2°C on temperatures up to and in- 
cluding 105°C and ± 3°C on temperatures greater 
than 105°C and up to and including 2()0°C. 

NO'l'Ii - In the event thai (he test is to be carried oul a* a 
temperature above the normal ambient conditions, it may lx- 
desirable to condition another series of specimens at this tem- 
perature for a period equal to that of the test, and to measure 
their properties after this conditioning in order lo be able to 
distinguish the effect of temperature from that of the liquid. 
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In the case of long duration tests, specimens stored in 
air at 27°C may undergo a change in properties. 
Preparation of an additional series of test specimens is 
recommended for comparison purposes. 

J-1.2.Z Measurement Temperature 

The temperature for the determination of changes in 
mass, dimensions or physical properties is 27° ± 2°C. 
If the immersion temperature is different, bring 
the specimen to 27°C by the procedure described 
in J- 1.6.3. 

J-1.3 Test Duration 

The preferred test durations are: 

a) 24 h for a short duration test; 

b) 1 week for a standard test (particularly at 
27°C); and 

c) 16 weeks for a long duration test. 

If it is essential to adopt other test durations, for 
example, if it is desired to perform tests as a function 
of time or to plot the curve until equilibrium is reached , 
it is recommended that the durations be chosen from 
the following standard scales: 

a) 1 - 2 - 4 - 8 - 16 - 24 - 48 - 96 - 168 h, 

b) 2 - 4 - 8 - 16 - 26 - 52 * 78 weeks, and 

c) 1.5-2-3-4-5 years. 

J-1.4 Test Specimens 

Depending upon the proposed test after exposure 
(mass, dimensions, physical properties) and the nature 
and form (sheet, film, rod, etc) of the plastic material, 
the specimens will be of diverse shapes and dimen- 
sions. 

They may be obtained by moulding, or by machining. 
In the latter case, cut surfaces shall be machined to a 
fine finish and shall show no trace of carbonization 
that could be attributed to the method of preparation. 

J- 1.5 Conditioning 

Condition the specimens in accordance with 7.2. 

J- 1.6 Procedure 

J-l.6.1 Quantity of Test Liquid 

The quantity of test liquid used shall be at least 8 ml 
per square centimetre of the total surface area of 
the specimen in order to avoid a concentration of 
extracted product in the liquid during the course of the 
test The test liquid shall cover the specimen com- 
pletely. 

J- 1.6.2 Positioning of Specimens 

As a rule, place each of test specimens in a given 
container and completely immerse them in the test 
liquid (using a weight, if necessary). 



However, when several materials of the same compo- 
sition are to be tested, it is permissible to put several 
sets of specimens into the same container. 

In every case, no significant proportion of the surfaces 
of the specimens shall make contact with the surface of 
other specimens, with the walls of the container, or 
with any weight that is used. 

During the test, stir the liquids, for example, by rotat- 
ing the containers, at least once per day. 

If the test lasts longer than seven days, replace the 
liquid with an equal amount of the original liquid every 
seventh day. 

If the liquid is unstable (for example, sodium 
hypochlorite), replace the liquid more frequently. 

If light is likely to have an influence on the action of the 
test liquid, it is recommended to operate either in 
darkness or in defined illumination conditions. 

It may be necessary in certain cases (for example, if 
there is a risk of oxidation) to specify the height of the 
liquid level above the specimens. 

J- 1.6.3 Rinsing and Wiping 

At the end of the period of immersion, bring the 
temperature of the specimens back to ambient tem- 
perature, if necessary, by transferring them quickly 
intoa fresh quantity of test liquid at room temperature, 
for a period of 15 to 30 minutes. 

Remove the specimens from the test liquid and rinse 
them with a product which has no effect on the material 
under test and Which is chosen to suit the nature of the 
test liquid. 

Wipe the specimens dry with filter paper or a lint-free 
cloth. 

NOTES 

1 If requested, it may be necessary to examine the test liquid at 
the end of the lest. This examination may be a simple visual 
examination or a more rigorous examination, including, for 
example, a titration. 

This examination may not be practicable if the liquid has been 
replaced during the test. 

2 In the case of specimens tested in solvents such as acetone or 
alcohol at ambient temperature, rinsing and wimping may not be 
necessary. 

J- 1.7 Expression of Results 

J-l.7.1 Numerical Expression 

In addition to the results of measurements before and 
after immersion, the results may be expressed (ex- 
cept in special cases of changes in mass) as a per- 
centage of the value of the properly after immersion 
(Vj) with respect to the value before immersion (V t ), 
that is, as: 

(V7V,)xl00 
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J-l.7.2 Graphical Expression 

In every case where measurements are made as a 
function of time, it is recommended that correspond- 
ing graphs be plotted. The values obtained (includ- 
ing the original value), or the differences in value, 
shall be plotted as the ordinates, and the durations (t) 
as the abscissae. If it is necessary to shorten the 
duration scale, either a t scale or a log t scale may be 
used. 

J-2 DETERMINATION OF CHANGES IN MASS 
AND (OR) DIMENSIONS AND (OR) 
APPEARANCE 

This determinations may, if necessary, be carried out 
on the same specimens. 

At least three specimens shall be used. 

J-2,1 Apparatus 

J-2.1.1 Beakers 

Of suitable dimensions and fitted with lids (airtight, if 
necessary, and fitted with condensers in the case of 
volatile liquids or those which give off vapours). 

J-2.1.2 Enclosure, thermostatically controlled at the 
test temperature. 

J-2.1.3 Thermometer, of suitable range and accuracy. 

J-2.1.4 For Determination of Changes in Mass 

J-2.1.4.1 Weighing bottle 

J-2.1.4.2 Balance 

Accurate to within 0.001 g in the case of specimens of 
mass equal to or greater than 1 g, or to within O.(XX) 1 
g in the case of specimens of mass less than 1 g. 

J-2. 1.5 For Determination of Dimensional Changes 

j-2. 1.5.1 Dial micrometer, with flat anvils, accurate to 
0.01 mm. 

J-2.1.5.2 Caliper gauge, capable of measuring to an 
accuracy of 0.1 mm. 

J-2. 1.6 Ventilated oven, if required, capable of being 
controlled at the chosen drying temperature. 

NOTE - In Ihe absence of any special instructions, use an oven 
controlled at 50 + 2°C. 

J-2.2 Test Specimens (see also J-1.4) 

J-2.2.1 Moulding Materials 

Specimens shall have a diameter of 50 ± 1 mm and a 
thickness of 3 ± 0.2 mm. They shall be moulded to 
shape under the conditions specified in Ihe appropri- 
ate product specification (or under the conditions 
prescribed by the supplier). 



NOTE -In certain special cases, a square specimen. 50 mm x 
50 mm x 4 mm, may be used by agreement betwen the interested 
parties. 

.1-2.2.2 Sheets and Plates 

Specimens shall be 50 ± 1 mm square and shall be 
machined from the sheet or plate submitted for test. 

The thickness of the specimens shall be the same as 
that of the sheet or plate sumbitted for test, if its 
nominal thickness is less than or equal to 25 mm. 

If the nominal thickness is greater than 25 mm, and in 
the absence of special provisions in the relevant 
specification, reduce the thickness of the specimen to 
25 mm by machining one face only. 

J-2.3 Determination of Changes in Mass 

J -2.3.1 Procedure 

J-2.3. 1.1 Conditioning 

Condition the specimens and select the test conditions 
in accordance with J-l. 

J-2.3.1.2 Determination of initial mass 

Determine the mass m { of each specimen to the nearest 
0.001 g in case of specimens of mass greater than or 
equal to 1 g, or to the nearest 0.000 1 g in the case, of 
specimens of mass less than 1 g. 

Immerse the specimens in the test liquid as specified 
in J-l.6.2 

J -2.3. 1.3 Measurement immediately after immersion 

Place each riased and wiped specimen in a tared 
weighing bottle, stopper it and determine the mass m 2 
to the nearest 0.001 g or 0.000 1 g as appropriate 
(see J-2.3.1.2). 

If the liquid used for the test is volatile at ambient 
temperature, the time during which the specimen is 
exposed to the air shall not exceed 30 seconds. If it is 
necessary to continue the test after weighing (test as a 
function of time), immediately replace the specimens 
in the test liquid and put the containers back in the 
thermostatically controlled enclosure. 

J-2.3. 1.4 Measurement after immersion and drying 

Remove the specimens from the weighing bottles and 
dry them in the oven at the specified temperature 
(usually for 2 h at 50 ± 2°C) to constant mass. Cool the 
specimens if necessary, recondition them in accor- 
dance with J -2.3. 1.1 and deteminethe mass m of each 
specimen. 

NO IF - In certain cases, the interested parties may agree that 
the plastics under test require no conditioning 

.1-2.3.1.5 Measurement only after immersion and 
drying 

After removal from the test liquid, rinse and wipe the 
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specimens in accordance with J-l.6.3, then immedi- 
ately place the specimens in the oven and proceed in 
accordance with J-2.3.1.4. 

J-2.3.2 Calculation and Expression of Results 

J-2.3.2.1 Report for each specimen, the masses in 
milligrams, of: 

a) the specimen before immersion, m , 

b) the specimen immediately after immersion 
m 2 ; 

c) the specimen after immersion, drying and 
reconditioning, m r 

Calculate the values of: 

m 2 - m,, 
and 

m 3 - m { , 

and report these values with the applicable signs. 

J-2.3.2.2 It is permissible, subject to agreement 
between the interested parties, or on request, to 
express the results by the following methods. 

.1-2.3.2.2.1 Method I - Change in mass per unit area 

For each specimen, calculate the increase or decrease 
in mass per unit area, expressed in milligrams per 
square centimetre, by means of one of the following 
formulae: 

(m 2 - w^/A 



or 



(m_, - mj)/A 



where 



m., m., and m^ have the same meanings as in 
J-2.3.2.1; and 

A is the initial total surface area, in square 
centimetres, of the specimen. 

J -2.3.2.2.2 Method II - Percentage change in mass 

For each specimen, calculate the percentage increase 
or decrease in mass by means of one of the following 
formulae: 

100 (m -m)lm. 



100 (m, -m,)/m, 

where m f , m 2 and m ( have the same meanings as 
in J-2.3.2.1. 

J-2.3.2.3 U\ every case, calculate I be arithmetic mean 
(or means) of the. results for specimens taken from the 
same sample. 
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J-2.4 Determination of Changes in Dimensions 

J-2.4.1 Procedure 

J-2.4.1.1 Conditioning 

Conditioning the specimens and select the test condi- 
tions in accordance with J-l. 

J-2.4, L. 2 Determination of initial dimensions of test 
specimens 

J-2.4.1.2.1 Discs 

Mark and measure two mutually perpendicular 
diameters to the nearest 0.1 mm by means of the 
caliper gauge. Record the mean /,. 

Measure the thickness of the specimen at four refer- 
ence points to the nearest 0.01 mm by means of the 
dial micrometer. Record the mean, e { . 

These points shall be situated at least 10 mm from the 
edges of the specimen. 

J-2.4.1. 2.2 Square specimens 

Mark and measure the lengths of the four sides of the 
specimen to the nearest 0.1 mm by means of the caliper 
gauge. Record the mean, /,. 

Measure the thickness of the specimen at four refer- 
ence points to the nearest 0.01 mm by means of the dial 
micrometer. Record the mean, e y 

J-2.4.1.3 Immersion 

Immerse the specimens as indicated in J-l.6.2. 

J-2.4.1.4 Measurement immediately after immersion 

Make the same measurements on each specimen as 
in J-2.4. 1.2. Record the mean value of l 2 and e y «s 
appropriate. 

NOTE - As a general rule, it is recommended not to wail before, 
commenting the determination of dimensions. 

J-2.4. 1.5 Measurement after immersion and drying 

Dry the specimens in the oven at the temperature 
prescribed and for the specified time (usually for 2 h 
at 50 ± 2°C). Allow the specimens to cool, if necessary, 
recondition them in accordance with J-2.4. 1.1, 
then make the same measurements on each specimen 
as in J-2.4.1.2. Record the mean values of /^ and c , as 
appropriate. 

J-2.4.1. 6 Measurement only after immersion and 
drying 

Immediately after immersion, remove the specimens, 
rinse and wipe them, then place the specimens in the 
oven and proceed as described in J-2.4.1 .5. 

J -2.4.2 Calculation and Expression of Results 
J-2.4.2.1 In addition to reporting the initial and final 
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dimensions, express the final dimensions as percent- 
ages of the initial dimensions. Calculate these percent- 
ages for each specimen, each dimension, and each 
variation of test procedure. These percentages may be 
greater than, equal to, or less than 100 percent, the 
value 100 percent signifying that the action of the 
liquid has not changes the dimension. 

J-2.4.2.2 Calculate the airthmetic mean (or means) of 
the results relating to the specimens taken from the 
same sample. 

J-2.4.2.3 If applicable, plot graphs of the results as a 
function of test duration. 

J-2.5 Determination of Changes in Appearance 

Examination of changes in appearance may be 
conducted together with the other tests described in 
this standard, or may be carried out separately. In 
every case, prepare supplementary specimens for 
comparison. 

J-2.5. 1 Procedure 

J-2.5.1.1 If the change in appearance is determined 
as a complement to one of the tests specified in this 
standard, use the procedure specified for that test. 

J-2.5.1.2 If the change in appearance is determined 
separately, use the general procedure (see J-l) sub- 
ject to agreement between the interesed parties. 

J-2.5.1.3 Examine each specimen, by means of a lens 
if necessary, in comparison with an untreated 
specimen and record any change in appearance as 
follows, using the notation scale given in Tabic 10 : 

a) colour (includingthe nature of the change and 
whether or not it is uniform); 

b) capacity; and 

c) gloss or matt finish. 

Note also, if present, the following effects: 

a) development of crazing and cracking; 

b) development of blisters, pitting and other 
similar effects; 

c) presence of material which can be easily 
rubbed off; 

d) tacky appearance; 

e) delamination, warping or other deformation; 
and 

f) partial dissolution. 

Table 10 Notation Scale 
Notation Change in Appearance 

O none 

/*■ slight 

M moderate 

L large 



J-2.5.2 Expression of Results 

Express the results using the notation scale given in 
Table 10. 

Report separately the results to specimens that have 
been simply immersed and wiped dry and those relat- 
ing to specimens that have also been oven-dried 
and reconditioned. 

J-3 DETERMINATION OF CHANGES IN 
PHYSICAL PROPERTIES 

The properties investigated may be mechanical, elec- 
trical, thermal or optical, etc. 

J-3.1 Apparatus 

J-3.1.1 Apparatus specified in J-2 excluding the bal- 
ances unless required for special cases. 

J-3.2 Test Specimens 

J-3.2.1 Shape and Dimensions 

The specimens shall have the shape and dimensions 
specified in the relevant Indian Standards for the 
determination of the properties under consideration. 

If several sizes of test specimen are allowed, choose, 
in preference, the size having a thickness nearest to 
4 mm. 

J-3.2.2 Number 

Prepare the number of specimens specified in 10. In 
the case of tests that alter the test specimen (in particu- 
lar, tests to destruction) prepare additional specimens 
to serve as a control. 

J-3.3 Procedure 

J-3.3.1 Conditioning 

Condition the specimens and choose the conditions of 
test in accordance with J-l. 

Determine the initial values of the selected physical 
properties in accordance with the relevant Indian 
Standards. 

Immerse the specimens in the lest liquid as indicated 
inj-l.6.2. 

J-3.3.2 Measurement Immediately After Immersion 

If the liquid used in the test is volatile at ambient 
temperature, determination of the properties shall 
commence 2 to 3 min after removal of the specimens 
from the liquid. 

NOTIi - As a general rule, it is recommended not to wait before 
commencing the determination of the properties 

.1-3.3.3 Measurement After Immersion and Drying 

Dry the specimens in the ventilated oven, controlled at 
the specified temperature, for the specified time or, 
in the absence of any specification, at 50 ± 2"C for 
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2 b ± 15 min. Allow the specimens to cool, if necessary 
and recondition them in accordance with J- 3.3.1. 

NOTE - In certain cases, the interested parties may agree that 
the plastics under test require no conditioning. 

Redetermine the values of the selected physical 
properties in accordance with the relevant Indian 
Standards. 

• J-3.3.4 Measurement Only After Immersion and Drying 

Immediately after immersion, remove the specimens, 
rinse and wipe them, then place the specimens in the 
drying oven and proceed in accordance with J-3.3.3. 

J-3.4 Calculation and Expression of Results 

J-3.4.1 Calculate the values of the physical properties 
as specified in the relevant Indian Standards. 

Calculate the average values of: 

Vj, the values of the property for each specimen 
before immersion (or of the control specimen); 
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V 2 , the values of the property for each specimen 
immediately after immersion; and 

V y the values of the property for each specimen 
after immersion, drying and reconditioning. 

J-3.4.2 For measurable properties (that is, those for 
which the measurement scale is proportional), calcu- 
late the final percentage value of this property with 
respect to the initial value by the respective formulae: 

(K/V,) x 100 
or 

(vyv^xioo 

These percentages may be greater than, equal to, or 
less than 100 percent, the value 100 percent signifying 
that the section of the liquid has not affected the 
property concerned. 

J-3.4.3 If applicable, plot graphs of the results as a 
function of test duration. 



ANNEX K 
[Table 3, SI No. (iv) ] 

DETERMINATION OF COEFFICIENT OF LINEAR THERMAL EXPANSION 
( Adapted from ASTM D 696-79 ) 



K-0 SUMMARY 

This test method is intended to provide a means of 
determining the coefficient of linear thermal expan- 
sion of plastics which are not distorted or indented by 
the thrust of the dialtomeler on the specimen. The 
specimen is placed on the bottom of the outer dial- 
tomeler tube with the inner or resting on it. The 
measuring device which is firmly attached to the outer 
tube is in contact with the top of the inner tube and 
indicates variations in the length of the specimen with 
changes in temperature. Temperature changes are brought 
about by immersing the outer tube in a liquid bath at 
the desired temperature. 

K-l SIGNIFICANCE AND USE 

K-l.l The coefficient of linear thermal expansion, u, 
between temperature T and T 2 for a specimen whose 
length is L at the reference temperature, is given by 
the following equations: 

a = (L 2 -L l )f[L (T 2 

where 



7;)] = AL/L A7- 



l x and L 2 are the specimen lengths at 
temperatures T and T 2 , respectively, « is, 
therefore, obtained by dividing the linear 
expansion per unit length by the change in 
temperature. 



K-1.2 The nature of most plastics and the construction 
of the common type of dilatometer make -30 to + 
30°C (-86°F to + 86°F) a convenient temperature 
range for linear thermal expansion measurements 
of plastics. This range covers the temperatures in 
which plastics are very commonly used. When 
extending the range or when the measurement of a 
plastic whose characteristics are not known through 
the standard range is being made, particular 
attention shall be paid to the factors like changes in 
moisture content, curing, loss of plastici/ers, or 
solvents, release of stresses, phase changes, elc, and 
special preliminary investigations by thcrmo- 
mcchanical analysis forthe location of phase changes, 
may be required to avoid excessive error. Other ways 
of locating phase changes or transition temperature 
using the dilatometer itself may be employed to 
cover the range of temperature in question by using 
smaller steps than 30°C (86°F) or by observing the 
rate of expansion during a steady rise in temperature 
of the specimen. Once such a transition point has 
been located, a separate coefficient of expansion for 
a temperature range below and above Ihe transition 
point shall be determined. For specification and 
comparison purposes, the range from -30°C to 
+30°C (-86"F to +86°F) (provided it is known that 
no transition point exists in this range) shall be 
used. 
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K-2 APPARATUS 

K-2.1 Fused-Quartz-Tube Dilatometer 

A clearance of approximately 1 mm is allowed between 
the inner and outer tubes. 

K-2.2 Device - for measuring the changes in length 
(dial gauge, LVDT, or the equivalent) shall be fixed on 
the mounting fixture so that its position may be 
adjusted to accommodate specimens of varying length 
(see K-4.2). The accuracy shall be such that the error 
of indication will not exceed! 1.0pm(4x If/ 5 inches) 
for any length change. The weight of the inner silica 
tube plus the measuring device reaction shall not 
exert a stress of more than 70 kPa (10 psi) on the 
specimen so that the specimen is not distorted or 
appreciably indented. 

K-2.3 Scale or Caliper 

Capable of measuring the initial length of the speci- 
men with an accuracy of ± 0.5 percent. 

K-2.4 Liquid Bath — to control the temperature of 
the specimen. The bath shall be so arranged that 
uniform temperature over the length of the specimen 
is assured. Means shall be provided for stirring the 
bath and for controlling its temperature within ± 0.2°C 
(± 0.4°F) at the time of the temperature and measuring 
device readings. 

NOTE - II is preferable and not difficult to avoid contact 
between the bath liquid and the test specimen. If such contact is 
unavoidable, care must be taken to select a liquid that will not 
affect the physical properties of the material under test. 

K-2.5 Thermometer or Thermocouple — The bath 
temperature shall be measured by a thermometer 
or thermocouple capable of an accuracy of ± 0.1°C 
(± 0.2°F). 

K-3 SAMPLING 

Unless otherwise agreed upon between interested 
parties, the material shall be sampled according to 10. 

K-4 TEST SPECIMENS 

K-4.1 The test specimens may be prepared by 
machining, moulding, or casting operations under 
conditions which have a minimum of strain or 
anisotropy. If specimens are cut from samples thatare 
suspected of anisotropy, the specimens shall be cut 
along the principal axes of anisotropy and the 
coefficient of linear expansion shall be measured on 
each set of specimens. 



K-4.2 The specimen length shall be between 50 mm 
(2 inches) and 125 mm (5 inches). 

NOTE — If specimens shorter than 50 mm (2 inches) are used, a 
loss in sensitivity results. If specimens greatly longer than 125 
mm (5 inches) are used, the temperature gradient along the 
specimen becomes difficult to control within the prescribed 
limits. The length used will be governed by the sensitivity and 
rangcofthe measuring device, the extension expected and the 
accuracy desired. Generally speaking, the longer the specimen 



and the more sensitive the measuring device, the more accurate 
will be the determination if the temperature is well controlled 

K-4.3 The cross section of the test specimen may be 
round, square, or rectangular and should fit easily 
into the outer tube of the dilatometer without exces- 
sive play on the one hand or friction on the other. 
The cross section of the specimen shall be large 
enough so that no bending or twisting of the specimen 
occurs. Convenient specimen cross sections are 12.5 
by 6.3 mm (1/2 inches by 1/4 inches), 12.5 by 3 mm 
(1/2 by 1/8 inches), 12.5 mm (1/2 inches) in diameter 
or 6.3 mm (1/4 inches) in diameter. If excessive play 
is found with some of the thinner specimen, guide 
sections may be cemented or otherwise attached to 
the sides of the specimen to fill out the space. 

K-4.4 The ends of the specimens shall be reasonably 
flat and perpendicular to the length axis of the 
specimen. The ends shall be protected against, inden- 
tation by means of flat, thin steel plates cemented or 
otherwise firmly attached to them before the speci- 
men is placed in the dilatometer. These plates shall be 
0.3 to 0.5 mm (0.012 to 0.020 inches) in thickness. 

K-5 CONDITIONING 

K-5.1 Conditioning 

Condition the test specimen at 27 ± 2°C and 65 ± 5 
percent relative humidity for not less than 40 h prior 
to test. In cases of disagreement, the tolerances shall 
be ± 1°C and ± 2 percent relative humidity. 

K-5.2 Test Conditions 

Conduct tests in the Standard Laboratory Atmos- 
phere of 27 ± 2°C (73.4 ± 3.6°F) and 65 ± 5 percent 
relative humidity, unless otherwise specified in the 
test methods or in this specification. In cases of dis- 
agreement, the tolerances shall be ± 1°C and ± 2 
percent relative humidity. 

K-6 PROCEDURE 

K-6.1 Measure the length of the conditioned speci- 
men at room temperature to the nearest 25 pm (0.001 
inches) with the scale or caliper (see K-2.3). 

K-6.2 Cement or otherwise attach the. steel plates 
to the ends of the specimen to prevent indentation 
(.see K-4.4). 

K-6.3 Mount the specimen in the dilatometer. 
Carefully install the dilatometer in the -30°C (-22°F) 
bath so that the top of the specimen is at least 50 mm 
(2 inches) below the liquid level of the bath. Maintain 
the temperature of the bath in the range from -32°C 
to 28"C (-25 to -18°F) ± 0.2"C (0.4°F) until the 
temperature of the specimen reaches the tempera- 
ture of the bath as denoted by no further movement 
indicated by the measuring device overa period of 5 to 
10 minutes. Record the actual temperature and the 
measuring device reading. 

K-6. 4 Without disturbing or jarring the dibilomcler, 
change to the +30°C (+86°F) bath, so that the top of 
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the specimen is at least 50 mm (2 inches) below the 
liquid level of the bath. Maintain the temperature of 
the bath in the range from +32 to +28°C (+82 to 90°F) 
± 0.2°C (± 0.4°F) until the temperature of the speci- 
men reaches that of the bath as denoted by no further 
changes in the measuring device reading over a 
period of 5 to 10 minutes. Record the actual tempera- 
ture and the measuring device reading. 

K-6.5 Without disturbing or jarring the dilatometer, 
change to the -30°C (-22°F) bath and repeat the 
procedure in K-6.3. 

NOTE - It is convenient to use alternately two baths at the 
proper temperatures. Great care should be taken not to disturb 
the apparatus during the transfer of baths. Tall Thermos bottles 
have been successfully used. The use of two baths is preferred 
because this will reduce the time required to bring the specimen 
to the desired temperature. The test should be conducted in as 
short a time as possible to avoid changes in physical properties 
during long exposures to high and low temperatures thai might 
possibly take place. 

K-6.6 If the change in length per degree of tempera- 
ture difference due to heating does not agree with 
the change in lenglh per degree due to cooling within 
10 percent of their average, the cause of the discrep- 
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ancy shall be investigated and, if possible, eliminated. 
The test shall then be repeated until agreement is 
reached. 

K-7 CALCULATION 

Calculate the coefficient of linear thermal expansion 
over the temperature range used as follows: 

a =AL/L AT 

where 

a coefficient of linear expansion per degree Cel- 
sius; 

AL change in length of test specimen due to heating 
or to cooling; 

L length of test specimen at room temperature 
( AL and L Q being measured in the same units); 
and 

&T temperature differences, °C, over which the 
change in the length of the specimen is meas- 
ured. 

The values of for heating and for cooling shall be 
averaged to give the value to be reported. 
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SI NO. 


DESCRIPTION 


MATL 


SIZE 


QTY 


1 


TOP COVER PLATE 


MS 


+ 370 x 40 


1 


2 


GUIDE PILLER 


EN 18 


+ 30x115 


4 


3 


CAVITY RETAINER PLATE 


MS 


<)> 320x75 


1 


4 


GUIDE BUSH 


EN 18 


+ 30x40 


4 


5 


PUNCH 


HDS 


+ 160x54 


1 


6 


BOTTOM COVER PLATE 


MS 


+ 370x35 


1 


7 


CAVITY BLOCK 


HDS 


+ 200x75 


1 


8 


PR PAD 


MS 


+ 75 x 25 


4 
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DETAIL- A 



NOTE — Mould to be healed by platten heating. 
All dimensions in millimetres. 

Fig. 1 Mould for Flow Test 




MOULDED-DISC 
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STRHOHG EDGE 
RO. 8±0.2 



R0.2±0.t 




FACES C AND D tN 
COKTACT WITH THE 
SPECIMEN AND PARALLEL 
TO WITHIN 0.025 mm 



Bo 2 Vice Sltport and T^st Specimen ( Notch and Striking Edge 
Shown in Normal Position) 



« 6 sr 




A = 0.8/ 



RADIUS Or NOTCH ^ASE 
0.25t 0,05mm 



Fig. 3 Type A Notch 
33 
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45° iv 




A - 0,8y 



RADIUS OF NOTCH BASE 
1.0±0.05 



Fig. 4 Type B Notch 




DIRECTION 
OF BLOW 




DIRECTION 
OF BLOW 



Fig 5 Notched Test Specimen for Laminated 
Sheet Tested in the Flatwise Direction 



Fig. 6 Notched Test Specimen for Laminated 
Sheet Tested in the Eixjewise Direction 
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WIDTH DIRECTION OF 
THE PRODUCT 



Fig. 7 Position of TteT Piece in Relation to 
Lenoth and Width of Sheet 




APPLIED LOAD 



h 



y 




Fig. 8 Position of Test Piece During Test 
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ELECTRODE 
ASSEMBLY 



i-^ 



R, 15 000 A 



1-2 TO 1-5 HENRIES 
(SEE TEXT) 



f nrWYYV__ 



f -VA/ 

R30 ,#30/1 



INTERRUPTOR 
ASSEMBLY,! 

So 




1 IV 1 



s*o 

S30 

S20 

S10 



NOTE — Switches S to 5 40 are aligned in the sequence of their closing, from bottom to top, during a test. 

Fig. 9 AroRksjstance Test Circuit 
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Fig. 10 Grinding and Poijshing Block wrm Tungstkn Rod Electrodes in Place 








Fig 11 Top and Side Views of Tungsten Rod Electrode 
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4.8 CL£A> 




V 



COUNTERSUNK 
CLEARANCE FOR 
4-40 FLAT HEAD 
MACHINE SCREW 

DRILLED AND 
TAPPED FOR 
4-40 SCREW 



V-W:^:v-!-v 



v — 

ASSEMBLE-THEN 

DRILL AND TAP 

6-32 

SET SCREW 




0.254+0.025 



1 ifo^ttf 



4.8 



■4- 



44.4. 
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NOTE — The 0.025 mm, slot and the corresponding angled corner must be made to provide a left and right holder. 

All dimensions in millimetres. 
Fig. 12 Holder Detail 
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Fig 13 Strip Fj.ectrodi ; , Holder Assembly 
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Fig. M Ti-ngstcn Rod Ei 
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All dimensions in millimetres. 

Fig 15 Typical Apparatus for Determination of Temperature of Deflection Under Load 
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